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DIR ECTOR NOTES

This month the 49th Shock and Vibration Symposium will be held. Those attend-
ing the Opening Session will hear about the increased emphasis on large space
structures technology. Space missions involving large, flex ible structures have been
considered for years, but it is the Space Shuttle’s capability to handle these struc-
tures that has provided the impetus for a major program to move the structural
designs from the paper to the hardware stage in a rea~~nable time frame. The
structures to be used may be deployable, built on the earth and unfolded in space,
or they may actually be erected while in orbit. In any event, we are faced w ith
significant new challenges in structural dynamics.

Structural analysis techniques will be a major area of emphasis, since full-scale
tests of such systems will not be possible on the ground. For the first time a total
functioning system will be built in space, while never having been built on earth.
Furthermore , a new set of dynamic problems will be faced. The extreme flexibility
of the structures means very low natural frequencies and high excursions. Factors
related to the operat ion of structural flexibility and momentum exchange con-
trollers will have to be included in the analysis. It looks like there are some ex-
cit ing prospects for technological breakthroughs. Both the National Aeronautics
and Space Administration and the Department of Defense have programs in this
area. We look forward to some very interesting publications as a result of their
combined efforts.

H.C.P.
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EDITORS RATTLE SPACE

ENCOURAGING INNOVATION

A recent editorial in Physics Today by JE. Goldman, Chief Scientist of the
Xerox Corporation, stressed the continuing concern of the federal government
and business about US innovative capacity. The following quote from Goldman’s
editorial summarizes the situation as he sees it. “What has often been overlooked
in these deliberations (those of the business community and of the Commerce
Department) and their stated conclusions is the relationship between academic
research and the body of industrial innovative capacity. It is, after all , the industrial
environment that is most conducive to promoting a discovery or invention to the
status of innovation. If we are to invigorate our national capacity to innovate, we
must enhance the coupling of the academic technical culture to the fertile innova-
tive fields of business entrepreneurship.”

Admittedly Mr. Goldman’s goal is a noble one -- but how can it be achieved and is
such a coupling of academia and industry a problem. In my opinion it is. I frequent-
ly meet engineers in industry who are struggling with problems that could be solved
using available technology, However , much of the research performed in academic
institutions is never usefully applied. How can the gap between these two groups
be closed; in other words, how can the atmosphere for an effective interchange
of ideas be created. On the one hand are the skeptics of industry who don’t trust
the academic community. On the other hand is the academic group who either are
not interested in solving real problems or do not know how to get involved .

Goldman suggests that the formation of small technology-oriented companies
would help to close the gap. Small companies take undeveloped ideas from large re-
search firms -- including government , industry, and academically-oriented institu-
tions — and develop them for commercial use. This is a good but limited approach .
In my opinion a more sweeping approach to the problem is needed, for instance , an
increase in the number of academic consultants and industry advisors. There is
prese~tIy a body of professors who consult for industry and thus help to develop
products and techniques. And some colleges invite engineers from industry to
participate in developing curricula and problems for design classes and in other
academic affairs. This interaction should be expanded to its fullest potential .

R.L.E.

physics Today, 31 (8), Aug 1978.
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GUIDED SOUND TRANSMISSION THROUGH LAYERS

N. Komilly’

Abstract - This paper reviews the analysis of sound wave through an ideal stretched membrane in a rigid
transrniseion through single and double panels and duct of arbitrary cross-sectional shape. An approxi-
thick layers. Mathematical methods are briefly mate solution was obtained for the case of a cir-
deeribed, as is recent experimental work. Sugges- cular duct cross section. Frequencies of complete

tions for future research are presented. transmission or reflection were predicted . An approx-
imate solution to the same problem was obtained

Although the subject of sound transmission through with a var iational method [31 -
a layer is of practical importance , considerat ion
until recently was restricted mainly to the simplified Young [41 extended the work of Ingard [2 , 3]
model of transmission through an unbounded layer , and found an approximate solution for a membrane
However , boundaries exist in any practical system , replaced by a thin elastic plate. An approximate
and their effects must often be considered if realistic solution using normal mode methods has been
results are to be obtained. This is true , for example , published for the transmission of a particular sound
in the case of acoustic test chambers. On a smaller wave , a (0 , 1) mode, through a thin elastic plate
scale acoustical experiments on sound transmission occupying the cross section of a rectangular wave-
are conducted in a waveguide . guide.

In recent years the study of sound transmission The exact solut ion, in infinite series form , has been
through a bounded layer - that is , guided sound presented for the transmission of any axially s’ym-
transmission -. has received considerable attent ion, metr ic sound wave through an ideal stretched mem-
and much progress has been made in theoretical and brane occupying a cross section of a circular wave-
experimental work. This paper is a brief description guide [6] . The circumstances under which the exact
of the work and the methods used, Mathematical solution for an incident plane wave agreed with the
details are not given. For complete details the reader approximate theory of Ingard were discussed. It
should consult the references. A summary of mathe- was also pointed out that similar analyses would
matical methods has been presented [1) . The meth- lead to corresponding exact solutions for a membrane
ods used include normal mode theory and techniques in a parallel-plane waveguide and for a clamped plate
for inverting infinite matrices. occupying a cross section of either waveguide.

The exact solut ion for guided sound transmission
SINGLE PANELS through a panel exhibiting both stiffness and ten-

sion has been published [7].  For plane wave trans-
For a thin layer a frequently used model for theore- mission the results were qualitatively similar to the
tical analysis and experiments is a panel occupying case of an unstiffened membrane or that of a plate
the cross section of a waveguide. The waveguides without tension. However , it was noted that stiffness
usually have a circular cross section or parallel plane or tension decreased transmission at low frequencies
boundar ies. Suitable models for the panel include a and increased it at higher frequencies. In experiments,
stretched ideal membrane or a thin elastic plate; the presence of stiffness or tension could produce
these models represent the two extremes in which marked discrepancies from results predicted by
either stiffness or tension may be neglected. Even neglecting these effects. The differences would be
with such simple models, however , the boundaries most marked in the neighborhood of resonance
complicate the analysis. frequencies , because of the shift of the resonance

peaks. Certain exact solut ions have been amenable
A formal solution in integral form has been pub- to easy computation because they involved the sum-
lished [2) for the transmission of a plane sound mation of one infinite series that was rapidly conver-

Dept. of Applied M.th m.tlc.l Studl.s, U niversity of
Lied., Lied. LS2 9TJ, Englend
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‘J(’ iI t at Iciw trequence’s (6 , ~) .  to an infinite number of reflected modes at the
second panel. Each reflected m ode at the second

Sew ’ll 18] used the solution for the clamped cir- panel gives rise to an infinite number of reflected
cider panel to obtain a transmission factor for a rever- modes at the first panel , and so on , ad infinitu m .
berant incident ti~.kl; c ., for a field produced by a The probabi l ity of finding an exact solution to such
unifor m distr ibution of sources over a cross section a problem appeared doubtful; however , it has been
of the waveguido . He obser ved that the clamped shown [16] that an exa ct solution is possible . An
edge condition might not always be appropriate .. exact solution was obtained for the problem of the
that in some instances the edge conditions of simple transmission of a symmetric sound wave through a

support might be more appropriate. However, the double partition contained in a parallel-plane wave-
analysis did not apply directl y to simple support guide with rigid walls. A mem brane model was used
edge conditions. for the two leaves of the partition . A similar analysis

could be applied to the case of a cylindrical wave-
Romilly [9) extended Sewell’s analysis and obtained guide and should also be applicable when the leaves
the exact solution for the transmission of any of the partition are elastic plates. The solution gives
symmetric incident waveguide mode through a sim- the transmitted wave corresponding to any incident
ply supported elastic plate . The results were m ore mode in terms of six singly infinite series. No special
complicated than those for a clamped panel. The assumptions for the parameters describing the model
solution involved three infinite series, but they were are necessary, including those for the region of
rapidly convergent and thus suitable for computa- critical frequencies . For the important case of an
lion For an incident plane wave the transmission incident plane wave the form of the transmission
was qualitatively the sam e as for the clamped edge, coefficient involves four real singly infinite series
Quantitatively, however , the effe ct of simple support The result is complicated , but the four series converge
edge conditions was to allow greater transmission rapidly, so that the solution is suitable for computa
at low frequencies , but less transmission at higher tion. One interesting difference from the case of the
frequencies. In experimental work the edge condi- single panel is that there are in general no frequen-
lions could cause considerable discrepanc ies from cies of complete transmission or reflection of a plane
predictions based on clamped edges. particularly wave for the double partition .
close to resonances , because of the shift of the
resonance peaks This is especially true when the
resonance peaks arc sharp. THICK LAYER

Rormimll y ’s solution [ 6 ]  has been applied to the The case of transmission through a layer that cannot
t ransrm iiSsion of a pulse through a cavity-backed be treated as a parcel -- i.e., a thick layer -- is des-
circular plate in a cylindrica l waveguide . cribed in this section. Even though the thin plate

model is satisfactory at low frequencies , it is not
necessarily suitable for higher frequencies , and a

DOUBLE PANELS m ore exact model might be required . The exact
solution for sound transmission through a thick layer

Sound tran sm ission through double panels is a of an elastic solid in a waveguide with rigid lubricated
problem ut theoretical and experimental impor- walls has been published [111 .  Each incident mode
tare.e The unbounded case has been considered excited only the same mode on the other side of the
1 15) , but until recently, progress in the theory of layer; the nature of the transmission depended
bounded double partitions was limited. Application upon the frequency range.
of the procedure for single panels would result in
a theci reti~al model of two panels occupying cross Other boundary conditions have apparently not been
sections of a waveguide The theoret ical tr eatment studied . Realistic conditions might be bonding of the
of sie.h a model would be considerably more dif- layer to the walls of the guide or free edges of the
ficult than that for a single panel. Each mode incident solid, If previously described methods are used, the
on the first panel gives rise to an infinite number of displacement in the solid might be represented by
transmitted modes; each of these in turn gives rise an infinite series of fundamental solutions of the
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elastic equations. Because each fundamental solution An infinite set of equations is obtained from the
would satisfy the conditions at the walls of the orthogonal ity of the modes. These equations relate
guide , a transcendental frequency equation [12] the amplitudes of the transmitted waveguide modes
would arise . A more fundamental diff iculty than to those of the incident modes. Finally, the linearity
the fact that no analytical solution of the frequency of the equations is used to consider each incident
equation can be given is that fundamental solutions mode separately, thereby reducing the problem of
are not sufficient to satisfy all conditions at the calculating the transmitted wave to that of inverting
interfaces 113] . Alternative approaches using Fourier an infinite matrix . At this point it is usually neces-
series expansions also lead to as yet unresolved dif- sary to apply approximate methods. However, in the
fmcu lties. Progress will require consideration of important cases mentioned, examination of the form
simpler models for the elastic layer [14) . of the matrix allows the exact inverse of the matrix

to be found. In this way the exact solution specifying
the transmitted wave for any symmetrical incident
wave can be obtained.

MATHEMAT I CAL METHODS
The solution is in complex form; in order to separate

For single panels the problem of sound transmission the real and imaginary parts -- and thus calculate the
through layers can be formulated either in integral transmission coefficients -- the specific frequency
equation form using Green’s functions or in terms range being considered must be stated in terms of the
of normal m ode theory. The integral equation ap- cut-off frequencies of the waveguide modes. Al-
proach is useful for approximate solutions. For the though the solutions are complicated functions of
exa ct solutions mentioned above the normal mode frequency involving the sums of one or more in-
method is used . It is briefly described below. The finite series, the infinite series converge rapidly, and
pressure in the waveguide is governed by the usual numerical results can readily be obtained. Frequen-
scalar wave equation. When waves of a part icular cies of complete transmission or reflection of a plane
frequency are considered, the pressure on each side wave can be computed. Physical interpretation of the
of the panel can be expanded into a series of wave- results is difficult , however , especially at high fre-
guide normal modes, These normal modes correspond quencies, because of the coupling between the modes.
to specific waves that could propagate along the
waveguide at the particular frequency in the absence For double panels the situation is more complicated,
of the panel . The waveguide contains incident and but the procedures are similar. Three regions of the
reflected modes on one side of the panel. The other waveguide must be considered, but, after the pres-
side is assumed to be either infinite or to be ter- sure in each region has been expanded in a series of
minated by a perfect absorber. A transmitted wave waveguide normal modes, the driving pressures on
thus travels in one direction. The driving pressure each panel can be calculated. The forcing terms in
on the panel is calculated from the pressures in the the equations of motion for the two panels allow
two parts of the waveguide. The dr iving pressure the motion of each panel to be expressed as a sum
provides the forcing term in the equat ion of motion of free and forced motions. Arbitrary constants are
for the panel. The solution to this equation is the determined by using the edge conditions for the
motion of the panel as the sum of a free vibration panels. Application of continuity of fluid and panel
and a forced vibration . The arbitrary constants in velocity at each panel , together with the orthogonal-
the free vibration can be determined in terms of ity of the modes, yields systems of infinite equations
waveguide mode amplitudes using the edge conditions connecting the waveguide mode amplitudes.
for the panel . After the following steps are carried
out - substitution of these constants into the ex- The linearity of the equations is used to con~ider
pression for panel motion and utilization of the each incident mode separately. The amplitudi.., of
conditions that the velocity at each face of the panel the modes in the region between the panels are
must match the corresponding velocity of the fluid eliminated from the equation. P~ditional mani-
in the guide -- the free motion of the panel is ex- pulatlon reduces the problem to one of inverting
panded in an infinite series of functions orthogonal an infinite matrix. During the reduction process,
over the cross section of the waveguide. however, another simpler infinite matrix must be

5

_ _ _ _ _  - . . ~~~~~~~~~~~~~~~~~ _  _ _ _ _



r .

inverted, The final matrix is more complicated on brick walls at the Building Research Establish-
than that of the single panel case; in addition, the ment , England. Comparison of measurements and
terms of the matrix contain an infinite series. It is theory was difficult because the shape and edge
remarkable that examination of the form of the conditions of the walls differed from those used
matrix enables the exact inverse to be obta ined, in the calculated results.
The inverse gives the exact solution, specifying the
transmitted wave for any symmetrical incident Flockton and Chapman [10] have carried out ex-
wave . The solution involves a number of infinite tensive exper imental work , of which the results
series and is in complex form . A specif ic frequency quoted are only a small part . They considered trans-
range is necessary so that real and imaginary parts mission of a pulse through clamped aluminium plates
can be calculated. In the case of an incident plane that formed a partition across a cylindrical wave-
wave the transmission coefficient is a complicated guide. The waveguide had a hard termination at a
funct ion of frequency involving four infinite series , distance beyond the plate and formed a closed
but the series converge rapidly so that results can cavity. Their recordings , after Fourier analysis , gave
easily be computed. the complex transmission coefficient of the plate .

Their experiments were in good agreement with the
As mentioned previously for the case of a thick layer , theory over the ranges considered , but there was a
with the exception of the case of lubricated bound- discrepancy in the region of the anti-resonance
aries, the mathematical difficulties involved in ob- frequency . Instead of one anti-resonance the results
ta m ing exact solutions have not yet been resolved, seemed to indicate a pair of anti-resonances . The
Procedures similar to those applied for panels should explanation for this discrepancy is not yet clear .
yield solutions when approximate models are used Because good agreement was found elsewhere be-
for the layer. tween theory and experiment , it would seem that

the mathematical results must be correct and that
the model is somehow defective in the region of

EXP ERIMENTAL WORK anti-resonance. It is known that exact mathematical
edge conditions are very difficult to achieve , and the

lngard (2] carried out experiments on the trans- simple thin plate model might not always be appli-
mission of a plane wave through a membrane in a cable.
cylindrical waveguide. The results substantially
agreed with calculations in the frequency range
below the f irst anti-resonance . A practical difficulty POSSIBLE ~1ESEARC H DIRECTIONS
involved obtaining a uniform tension in the mem-
brane. The theory for single panels has been verified ex-

perimentally at low frequencies for plane wave trans-
Young (4) carried out experiments on the trans- mission . Exact solutions have been obtained for the
mission of a plane wave through a plate in a cylin- transmission of modes of any order at any frequency .
drical waveguide. He examined the cases of clamped , Experimental work on the transmission of higher
simply supported, and elastically supported edges order modes has not yet been undertaken but would
of the plate . He reported reasonable agreement be- be of interest , as would computation of the trans-
tween measurements and calculation up to the fir st mission of these modes. Not even for the lowest
anti-resonance frequency . plane wave mode study has transmission at higher

frequencies been undertaken . Also of interest would
Experiments on transmission of a (0 , 1) waveguide be the extension of the work to other forms of guide
mode through thin aluminium plates in a rectangular and to other types of panel and edge conditions.
waveguide dealt with clamnped and rubber mounted
plates 15) . At a low frequency there was reasonable For double panels , the exact solution has been found
agreement between experimental ~ iults and the for the membrane model of the panel, but numerical
approximate theory used for the this results have not yet been computed . Experimental

wor k on guided transmission through double panels
Sewell [8] published results of field m~. , would also be of interest. Extension of the 
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to two panels that are elastic plates should be pus- 9. Romilly, N., “Exact Solution for Guided Sound
sible, Consideration of various other types of panels, Transmission through a Simply Supported
waveguides, and edge conditions would also be of Plate ,” Acustica ,28, p 234 (1973).
interest , as would i study of higher mode transmis-
sion and high frequency transmission . Dissipation has 10. Flockton , S.J. and Chapman , P.J., “Sound
been neglected in the exact solutions but could be Transmission through a Cavity-Backed Circular
included in the theory. Panel ,” Proc. 9th Intl . Cong. Acoustics , Madrid,

p 755 (1977).
Both theoretical analysis and exper imental work on
transmission through thick layers are needed. With 11. Romilly, N., “Filtering Effe ct of an Elastic
the exception of the exa ct solution for the case of Block Contained in a Waveguide.” Acustica ,
rigid, lubricated walls of the waveguide , littel progress 15, p 207 (1965).
has been made in the theory of guided transmission
through a thick elastic layer, Fundamental mathe- 12. Holden , A N., “Longitudinal Modes of Elastic
matical difficulties remain to be resolved for other Waves in Isotropic Cylinders and Slabs,” Bell
conditions at the walls of the guide . Progress should Syst. Tech ., 30, p 956 (1951).
be possible, however , using simpler models for the
thick layer . 13, Romilly, N,. “Sound Transmission through a

Thick Layer ,” Proc. 9th Intl. Cong. Acoustics,
REFERENCES Madrid , p 736 (1977).
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LITERATURE REVIEW S ~~~~~~~~

The monthly Literature Review, a subjective critique and summary of the litera-
ture, Consist s of two to four review articles each month, 3,000 to 4,000 words in
length, The purpose of th is section is to present a “digest” of literature over a
period of three years, Planned by the Technical Editor , this section provides the
DIGEST reader with up-to-date insights into current technology in more than
150 topic areas. Review articles include technical information from articles, reports,
and unpublished proceedings. Each art icle also contains a minor tutorial of the
technk~al area under discussion, a survey and evaluation of the new literature, and
recommendations. Review articles are written by experts in the shock and vibration
field,

This issue of the DIGEST contains an article which involves mechanical damping
of filled plastics. L.E. Nielsen, a consultant , describes the effects of filler agglomera-
tion on damping and mechanical behavior .

The second article contains the second part of a two part article , Recent Progress
in the Dynamic Plastic Behavior of Structures, by Professor Norman Jones of the
Massachusetts Institute of Technology. The article contains a discussion of a few
numerical studies on the dynamic plastic response of structures.
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MECHANICAL DAMPING OF FILLED PLASTICS

L. E. Nielaen’

Abstract - The effects of filler agglomeration on other; that is , the filler pa rticles may be more strong
damping and mechanical behavior are reviewed. It ly attracted to each other than they are to the plastic .
has been found that damping and elastic moduli and as a result , the plastic does not wet individual
of filled plastics are very sensitive to the state of filler particles. In such cases, it is almost impossible
a lomeration of filler particle& to obtain a good dispersion even if the components

are mixed for a long time . Of course , the degree of
agglomeration increase s with filler concentration

Since 1975 ( 1) the complex damping behavior of because the probability of particle- particle contacts
filled plastics has been more adequately explained , increases. It is the nature of the filler-particle surface
It is now recognized that the damping behavior of and not their bulk properties that are important
filled plastics and rubbers is related to the state of in agglomeration phenomena.
agglomeration of the filler particles and to the rigidity
of these agglomerates . This review is limited to a Damping is defined in terms of the complex dynamic
discussion of the effects of the state of dispersion moduli M* = M’ + iM” . M* refers to the complex
and agglomeration of filler particles on the modulus modulus , M’ is the real part of the elastic modulus ,
and damping of plastics and rubbers. M” is the imaginary part of the modulus , and i =

~/:T In this review damping is expressed in terms
of M”/M’ . Note that M”/M’ can be related in a simple

DEFINITIONS manner to such damping terms as logarithmic decre-
ment , specific damping capacity, and sound attenua-

In this review complete dispersion means that each tion (2] -

filler particle is completely surrounded by plast ic
or rubber; no true particle-particle contacts exist .
An aggregate consists of several particles that are EFFECTS OF FILLER AGGLOMERATION ON
in contact and for m a discrete unit. The primary MECHANICAL PROPERTIES
particles are glued together so that the aggregate is
rigid , and no relative motion of the basic particles Values for the elastic moduli of filled plastics can
occurs within the aggregate during the application of be predicted much more accurately than can values
mechanical forces. An agglomerate is also made for damping. As a general rule , however , fa ctors that
up of a number of basic filler particles, but the increase the modulus will decrease damping. In most
particles can move , and the agglomerate can break cases, the elastic modulus M of a filled plastic or
if the mechanical forces are great enough. Thus, rubber can be accurately estimated by the equation
particle-particle motion can occur within an ag-
glomerate particle if it is subjected to a mechanical M 1 + AB 4~2

force greater than some critical value required to M1 1 — B* 4~overcome mechanical fri ction and particle-particle
attraction. Both aggregates and agglomerates can where
agglomerate; the resulting secondary structures are M2/M 1 - 1
often called flocs. B

M21M1 +A
Agglomerates form for several reasons. One is poor / 1 —

mixing of plastic and filler; poor mixing occurs be’ & 1 + ( ~m !~
cause the intensity and time of mixing are not suf- \ ~~ /ficient to properly disperse the f iller particles. Sec-
ond, the plastic and the filler may not “l ike ” each M 1 and M2 are the elastic modulus (shear or Young’s)

P1.,t lcs Consultant, Redmond , OR 97766

9 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
, 
:
“

~~~
‘
~~~~ 

- - --.- . -



of the plastic and filler , respectively. The volume as those for aggregates. However , great changes occur
fraction of filler is 02’ 0m is the maxi m um packing when the mechanical stresses become great enough
fraction of the filler. The factor i~iØ~ is a reduced to either break the agglomerates or cause particle-
concentration. The constant A , which is related to partic le motion within the agglomerates. There is
the Einstein coefficient , is determined by particle no theory for evaluating the Einstein coefficient
shape and orientation . Tables of A and Om have been or A in this case, but the value m ust approach zero .
published [11. The modulus thus drops drastically when particle-

particle motion takes place. In addition , damping
A fir st approximation of the damping of a filled greatly increases because a new damping mechanism
plastic containing a rigid filler when all the damping has developed as a result of particle-particle friction .
comes from the plastic has been published [3] .

Several factors determine the degree of agglomera-
M”/M’ MV /M (1 — 02) tion , the strength of agglomerates , and the coefficient

of fri ction between particles making up the agglomer-
The subscript 1 refers to the plastic phase. Other ates. 1) the size of the primary particles , 2) the
equations give somewhat different values for damp- nature of the filler surface and surface treatments ,
ing [4 , 51. 3) the temperature of the system relative to the

glass transition temperature or melting point of the
Factors important in determining the modulus are plastic matrix , 4) and the elastic modulus of the
the values of A and 0m Both depend strongly upon plastic . The fir st two factors determine the extent
the state of agglomeration and upon the strength of of agglomeration, the strength of the agglomerates ,
the interface between the plastic and the filler par- and the friction between particles, The last two
tid es. For example , for perfectly dispersed spheres, fa ctors largely determine the magnitude of the
A = 1.5 if there is perfect adhesion; i,e ,, no motion mechanical stresses that the plastic matrix can exert
at the interface. A = 0 if there is no adhesion; i.e., on the agglomerated particles.
slippage at the interface . For random close packing
of spheres, Om has a value of 0.637 . Changes in temperature cause complex changes in

damping and in the elastic moduli of plastics filled
In the case of rigid aggregates both the plastic trapped with agglomerated particles, These changes are best
inside the aggregate and the plastic in the cusps of understood in terms of relative moduli and damping:
the rough surface are shielded from mecharica l i .e ., the modulus or damping of the filled system
stresses. The apparent volume of such an aggregate divided by the modulus or damping of the unfilled
is not the (rue volume of the particles making up plastic at the same temperature. The relative modulus
the aggregate; rather , the apparent volume is the filler of a rigid plastic tends to increase with temperature
volume plus the volume of trapped plastic , Thus , for two reasons: thermal stresses decrease as the
for large spherical aggregates , the value of A can glass transition or melting point is approached [11 ];
approach 4 rather than the 1 .5 value for dispersed less particle-particle motion occurs within agglomer-
spheres. For this reason, aggregates are very effective ates as the stii’fness of the plastic decreases. At a
in increasing the modulus . Because the filler aggre- temperature close to the glass transit ion tempera-
gates are rigid , the damping source is the plastic ture -- where damping passes through a very large
subjected to mechanical stressse s . Because part of maximum -- the relative modulus passes through a
the plastic is shielded , damping with aggregates is pronounced maximum . The maximum in relative
less than that of a system containing disperse.d modulus is associated with changes in the agglomer-
spheres [6] . Typical values for aggregates are A = 4 ates; they become apparently rigid aggregates because
and 0m 0.637 2 or 0.406. the reduccu stresses applied to the agglomera ~s

decrease as the true modulus drops by a factor of
Considerable recent research has been done in the roughly a thousand as it passes through the glass
field of plastic filled with agglomerated particles transition [10] - In the rubbery state , at tempera-
[7-101 - As long as the mechanical forces are so tures above the glass transition , the relative modulus
small that the agglomerates appear to be rigid , the decreases with increasing temperature , and the
values for the modulus and the damping are the same relat ive damping increases, The reason for this be-
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R I ~A:EN’I ’ PRO GRESS IN THE DYNAMIC PLASTIC BEHAVIOR OF STRUCTURES
PART II

N. J ones

Abstract . This two-part article reviews the literature scheme for the dynamic response of structures
on the dynamic plastic response of structures pub- [75, 77-791 . Wu [75] demonstrated that his numneri-
Iished since 1975. The review focuses on the be- cal pred ictions for the deformed profile of a fully-
havior of such simple structural components as clamped itripulsively-loaded rectangular plate agreed
bean,s, plates, and shells subjected to dynamic loads well with corresponding experi riental results [76) .
that cause extensive plastic flow of material. Wu and Witmer [771 further developed the spatial

finite-element and temporal finite-difference scheme
Paa-t’ I dealt with recent work on the behavior of in order to study a broader class of structural prob-
ideal fiber-reinforced beams, higher modal response lems. They obtained somewhat better agreement with
of beams, the influence of transverse shear and experimen tal results recorded during the dynamic
rotatory inertia, approximate methods of analysis, elastic-plastic response of a cylindrical shell panel
rapidly heated structuras, fluid-structure interaction, than had been reported previously for a computer
and dynamic plastic buckling. Part // contains a code using a finite-difference procedure .
discussion of a few numerical studies on the dynamic
plastic response of structures and some miscellaneous Numerical predictions for the nonlinear transient
comtnents and concluding remarks, responses of geometrically stiffened cylindrical

panels and rings compared favorably with correspond-
ing experimental results [78 , 79) . A finite-element
scheme thus provides efficient and accurate pre-

NUMERICAL STU DIES dictions for the transient behavior of structural
problems in volving large deflections and elastic-

A number of computer programs are available for plastic material behavior.

~tridyinq the dynamic plastic behavior of structures.
A brief rev iev~ of sonic of the finite-difference and The numerica l schemes of Wu and Witmer have been
rilomu recent I m ite-ele m ent numerical schemes has used to examine the dynamic response of strain rate-
been given (1 ) . insensitive , elastic , perfectly plastic , fully-cla m ped

beam s subjected to impulsive velocity fields dis-
I he Aemoelu st ic amid Structures Research Laboratory tributed with first , second, and third m odal forms
at the Massachusetts Institute of Technology has [1 5] . The rriaxi mnum perm anent transverse displace-
been developing both finite-difference and finite- ments for the three mod a l forms were similar to the
elmnmn ,er m t numn meric a l procedures for the dynamic be- corresponding simple theoretical predictions for a
havim,r of structural problems. Leech , Wit tner , and rigid , perfectly plastic beam; the influence of finite
Mon no [72) used the finite-difference com puter transverse displacements was included [14] . A
code PU rROS 3 to study the dynamic response number of assumptions typically made in theoretical
of v .rriahle-thi ckness , doublm’ -iayer , clamped-ended , studies in this general area have been examined
elust in . pla st ic conica l shell subject ed to a frontal with the computer program [15) . Generally speaking.
cosine citem na l pressu re pulse . This computer pro the in-plane displacements are one order of magni-
nj ra rmm has now been expanded (73 , 74) to include tude smaller than the associated lateral or transverse
fu: ;it m n i ’ , rel,ui’j d fo r thu inmost part to thicker shells , displacements. The usual procedure for estimatin g
thin non K mn u .f hoff soft-bonded shells , and/or honey- energy ratios [80 1 was found to be conservat ive, at
wit h ‘ hells. The capabilities of the PITROS 4 leas t for the problems considered .
f in ite di f femen i m: ~m wrriput r programri have been dis-
cu isvnJI ’ /4 )  The considerable expense usually associated with

numerica l finite-elemc’nt studies , ‘,puncially for
W ork has continued on a finite-element numerical dynam ic nonlinear problems has led to the develop

Prof esso r , Department of Ocean Enqinimeming, Massachusetts
Ins t i tut e of Teu hmrology, Cambridge , Massach setts 02139

‘ For rs(erenc”s 1- 7 1 , sure t he Sept. , 1978, issue of the digest
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ment of an alternative numerical scheme , in which Bieniek , Funaro , and Baron (89 ) sought ways to
a structure is replaced by an “equivalent ” system of simplify numnenical studies on the dynamic large
small rig id bodies connected to springs that are disptacemrm ent response of e las nmn ;-p las tic stiffened
distributed over the contact areas between bodies, shells with arbitrary geometry , I3ieniek (90) dis-
This numerical scheme has been used to predict the cussed numerical difficulti es associated with inves
dynamic elastic-plastic response of a bearnu (811 tigat ions into the dynamic buckling behavior of
and a square plate 1821. However , the influences of elastic-plastic structures.
finite transverse displacements , or geometric changes,
and material strain rate sensitivity [1) are not re- One difficulty associated w ith all theoretica l and
ta m ed; further work is therefore necessary to demon- numerical studies on the dynamic inelastic behavior
strate the accuracy of the method and to appraise of structures has been the paucity of information
the costs associated with more complex problems. on the constitutive equations for materials , especially

in the dynamic regime The influence of material
Many other computer programs have been written elasticity, material strain hardening, and strain
to examine the dynamic plastic response of either rate sensitivity have been briefly discussed [ 1 ] .
structural components or general structural geo- The multi-dimensional constitutive equations are
metries. A few are mentioned in the following para- invariably constructed according to the properties
graphs observed during uniaxial tests [1 , 62 . 66, 80] . More-

over , the form of the multi-dimensional constitutive
equations for elastic-plastic materials is not yetSome general theoretical principles have been devel-
clea r , even for static problems 1911. This short-oped and various numerica l procedures formulated coming is compounded for dynamic problems be-for predicting the dynamic plastic behavior of struc- cause little experimental information exists for straintures [50, 83-851 . Visco-plastic and large displace- rate history effects or combined loadings [92] -ment effects were considered [83) ; material elastic-

ity, mater ial work hardening, and geometric changes Bodner and Partom [93-95] have developed a con-were retained in the basic equations used in one stitutive equation that is not based on the usualprocedure [84) . Some of the the studies 150, 851 concept of a yield surface . Rather , the incrementalwere restricted to infinitesimal displacements; elastic constitutive equations are functions of state variableseffects were retained in one [50) and the influence and the current geometry; both can account for allof mater ial strain hardening and strain rate effects history and memory effects. Bodner and Partomin another [851 . Beam and frame impact problems used the concepts of dislocation dynamics to providewere also examined [851 . a physical basis for their constitutive equations. They
claim these equations are ideal for numerical schemes

Erkhov f45J formulated the dynamic infinitesimal because no special conditions are required to dis-
response of rigid perfect;y plastic structures as a lin- tinguish loading and unloading paths. Recently,
ear programming problem that could be solved using Sperling and Partom [96] developed a numerical
the simplex method. He used his procedure to investi- finite-difference procedure based on the Bodner-
gate the dynamic plastic behavior of cir’~ular and Partom constitutive equations. They examined the
square simply-supported plates subjected to uniform- dynamic elastic-visco-plastic large deflection be-
ly distributed pressure pulses with a rectangular havior of a beam.
pressure-time history.

Ni and Lee 186) used a numerical scheme based on COMMENTS
their minimum principle for dynamically loaded
elastic-plastic continua with finite-deformations. The previous sections of this review have surveyed
They were able to predict excellent agreement with insofar as possible the literature published during the
numerical and experimental results for cylindrical last three years. The active area of numerical meth-
shell panels 187) , with experimental results for ods , for instance , would require an entire article .
rectangular plates 1761 , and with theoretical pre- Many theoretica l studies and practical dynamic
dictions for cylindrical shells (881 . problems involve material inelasticity. This section
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‘A )iu t, uIIi ’- . 1  ‘,,itti~ l , i m i~ (i f t Ic ’  m n m ,i r t y  iii i ’ r u t  . . i m ’ t i v i t ies with an arbitrary pressure-time history. Youngdahl
j i m if u~ dyti ,ii iii. pIi’,ti ‘ s t  ii sun of ‘1 I j u t  in ’ s  arid is 11041 exam ined the dynamic plastic behavior of a

iiOi i t uteoufu , II, hu~ coin m ptefu ’~u m i ,mvi rigid perfectly plastic hexagonal fra m e subjected to
an internal pressure pulse with an arbitrary shape

Experi m ental Studies The influence of finite displacem ents, or geometric
Ior mi ,, t al and We sun nbumg (97 . 98) pertomnried dy changes, was retained in the governing equations.
c ia m n i ic expe m imnme nta l tests on simply supported beanmis
rrmil(je fro mn i either al u ru i ini mj nm i 1AJ6 1 T ’  ujt mild stee l. The behavior of a multilayered spherical vessel
I f ’  bear nis were subj ected to a short duration mnag subjected to a spherically symmetric intermittent

iuetit, pressure pulse with a halt-sine wave shape; internal pressure pulse has been examined (1051 .
the experimen tal arrangenment was simnilar to that The vessel consisted of N concentric unsupported
used previously ton rings (991 . Sirmip le approxi spherical shells made from an elastic-linea r work
iriate elastic-perfectly plastic arid elastiu;-visco-plastic hardening material; the shells were separated by
theoretica l procedures were developed to predict evacuated gaps. The pressure pulse caused the inner
peak transv e rse displacermuents (97 , 98) . The results layer to move outward and strike the second layer.
were iii excellent agreemnent with corresponding The two layers moved outward together until wave
e~por inmeirta l values, interactions caused them to separate. The second

layer then struck the third layer, and the process
Expum iinenta l studies on the dynam ic plastic be- was repeated .
haviur of other bearm us have been meported (13 , 96,
1001 . Bodner and Synmionds (401 conducted an Lepik and Mroz [1061 used a mode approximation
experimental investigation on simn iple plane metal procedure to obtain the optimal design of rigid-
fr~nn mes loaded uiyria iimiu.ally. Experi m ents on the plastic structures subjected to dynamic loads. They
dyruanru ic plastic behavior of fully-cla m ped circular sought the design that gave the minimum permanent
plates have fj eu , im reported (38 , 41 1. The dynamic displacements of a structure with a given constant
plasti’ . response ol a freely suspended cylindrica l volume of material. The case of a stepwise constant
‘hu ll f m ’ , bun”n ‘~ ourn i in u~d (38 1 An exper imnuental thickness beam subjected to a uniformly distributed
u mm vu ~s t m u J d t uom i into the dy muarnu mc plastic bukcling of cir- pressure-pulse with a rectangular pressuretime
r.uilai n m u m ’ j s  has been reported in meference 164) ru history was exa m ined in some detail. the m aximum
whi .t m the literature on the experi m ental work in- permanent deflection of an optimal two-step (per
‘iu,Ivmr iq nl ymm a ri m i c plastim . buckling of rings and cylin- half span) beam was found to be one-half the cor
nj ni( . ,j l ‘,f iefls was also meviewed. responding permanent deflection of a uniform beam

having the same volume . The impulsive loading of
An exp e rim mu i mita l in vestigation in to the stru ctural beams and circular plates was al~~ examined (106)
characteristics of high explosive containm ent in
cylindrica l vessels has been conducted [101 , 102) . Menkes and Opat have continued their work on the
Simnr,kn rigid pfasti u; theoretica l procedures were dynamic fra cture of structures subjected to very
,ilso developed that provided reasonable estimnates for high pressures for very short times. They presented
the permmudnent radial defo ni muatm u i nms of the walls of the theoretical foundations for a finite-element
i.ylmnidtic al vessels, either w ith or w ithout end caps numerical procedure ~or simple structures that
(101 , 102) undergo large deform ations and localized ruptures

[1071.
Theoretical and Numerical Studies
M,imuy ihe’,~int iu .al and riurn ierical studies have a lready Collision Protection of Vehicles

mni en tmu ,mme , j iii mhis review A few additional Many artic les have been written on the collision

~,nt im ,lu s ,ire now briefly d’ns .r bed , protection of various air , land , and water vehicles;
some of this literature has been reviewed 14, 63, 80.

V.m.u j  in’(mvi C (1031 iiemived a theoretical rigid per 108, 109) - A few recent theoretical and experi-
fi tly Iiist,r. sofia mum for th~ dynamic infinitesimal mental studies on the dynam ic inelastic response of
dmsplai nrn,eni nespomise of a simply-supported beam various components of interest in vehicle crash
sut~j incted to a miri ifon rn ly-distri bu~tod dynamic load worthiness are briefly discussed in this section .

‘5

_________________  - ~~ :
‘
~~~~~~~~~

“‘  —



The dynamic axial collapse behavior of thin-walled have been concerned with the collision protection
steel box sections has been examined [110 , 111) of automobiles. Energy-absorbing systems 17 , 13, 15 ,
The mesponse of circular tubes (1121 . wmrguated 122-124) , defense 120, 53, 60, 107 , 1281 . and the
tubular sections (113 1 . and beann-columnins sublected earthquake resistance of buildings (1291 have also
to dynamic axial loads (1141 has also been inves been studied. Simple rigid-plastic analyses could
t igated The review by Thornton and Dharan [115 3 be used for some of the design problems for buildings
contains comnments on the dynar muic axial buckling subjected to severe dynamic loads [1301 .
of structures

It is hoped that this survey article , together with the
Shieh 1116) developed a general purpose computer earlier one (1), will allow a reader to obtain the
prograni for the large displace mmient dynamic response information sought and provide some insight into
of elastic viscoplastic plane frames . The numerical the advantages and disadvantages of various ex-
predictions of the iimoqranrm agreed reasonably well perimental , numerica l, and theoretical approaches to
with the experimental behavior of a steel plane frame the solution of dynamic structural problems.
dropped onto a narrow , rigid polo Mclvo r and
Anderson [117] also reported a numerical and ex
penimental investigation into the inelastic response
of a frame s t r i k i ng  a pole The large defor m ations of ACKNOWLEDGEMENT
fram nues loaded statically have been studied for insight
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procedure to examine the mechanics of impact
arid rebound of an elastic-linear work-hardening
rod subjected to axial forces; the forces were applied REFERENCES
and removed periodically, and the rod hit a rigid
wall at right angles Lush and Witmer (121] con- 72 . Leech, J.W., Witmer , E.A., and Morino , L.,
ducted sonie experimental tests to study the impact “Dynamically-Induced Large Deformations of
character istics of rodlike missiles striking either a Multilayer , Variable Thickness Shells ,” AIAA
flat rigid barrier or the midspan of a fully-clamped J., 11(8), pp 1189-1191 (1973).
bea num The rnum ss mles had a crushable forebody made
from a semirigid polyurethane foam and a com- 73. Pirotin, S.D ., Morino , L., Witmer , E.A ., and
peratively rigid al u’ruinun i afterbody. Leech, J.W ., “Finite-Difference Analysis for

Predicting Large Elastic-Plastic Transient De-
The theoretica l and experimental behavior of river- formations of Variable-Thickness Kirchhoff ,
sion tube s and rolling torus load limiters under static Soft-Bonded Thin, and Transverse-Shear De-
and dynam ic axial loads has been examined 1122- formable Thicker Shells,” Prep, by Aero-
124) Tong and Rossettos (1 251 used a modular elastic Structures Res. Lab., MIT , Tech . Rept .
concept to develop a numerical procedure for es- BRL CR 315 for Ballistic Res. Lab. (Sept

• timating the structura l deformations sustained by 1976).
vehicles during collisions.

74. Pirotin , S.D., Berg, BA., and Witmer , E,A.,
“PETROS 4. New Developments and Program

CONCLU DING REM ARKS Manual for the Finite-Difference Calculation
of Large Elastic-Plastic , and/or Viscoelastic

Materia l inelasticity plays an important role in Transient Deformations of Multilayer Variable-
many dynamic structural problems. Some studies Thickness (1) Thin Hard-Bonded, (2) Moder-
(104 , 126) have been motivated by the nuclear ately-Thick Hard-Bonded , or (3) Thin Soft-
enqmneering industry; others 161-63, 109 , 1271 are Bonded Shells,” Prep, by Aeroelastic Structures
related to ship and marine vehicle design. Still others Res. Lab., MIT , Tech . Rept . BRL CR 316 for

16 

— - .—-  

. 

.
~~~~~



— — -  - - -
~~~~~~~~~~~~~ r~,,

Ballistic Res. Lab. (Sept 1976). of Elastic-Workha rdening Structures in the
Presence of Dynamic and Second-Order Geo-

75. Wu , R.W.H., “The Dynamic Plastic Large metric Effects,” J . Struc. Mech,, 2 (4), pp 265-
Deflections of Clamped Rectangular Plate ,” 280 (1973).
J. AppI. Mech., Trans. ASME, 41 , pp 531-
533 (1974). 85. Cannarozzi , A.A. and Laudiero , F., “On Plastic

Dynamics of Discrete Structural Models ,”
76. Jones, N., Uran, TO., and Tekin , S.A. , “The Universita di Bologna, Facolta di Ingegneria

Dynamic Plastic Behavior of Fully Clamped Tech . Rept. No. 12 (June 1975).
Rectangular Plates,” Intl . J. Solids Struc.,
6, pp 1499-1512 (1970). 86. Ni, C.M. and Lee, L,H.N., “Dynamic Behavior

of Inelastic Cylindrical Shells at Finite Do-
77. Wu , R.W .H. and Witmer , E.A., “The Dynamic formation ,” Intl . J . Nonlinear Mech,,9 , pp 193-

Responses of Cylindrical Shells Including Geo- 207 (1974).
metric and Material Non-linearities,” Intl .
J. Solids Struc,, 10, pp 243-260 (1974). 87. Leech, J.W., Witmer , E.A., and Pian, T. H.H.,

“Numerical Calculation Technique for Large
78. Wu , R .W. H. and Witmer , E .A., “Analytical and Elast ic-Plastic Transient Deformations of Thin

Experimental Studies of Non-linear Transient Shells ,” AIAA J., 6, pp 2352-2359 (1968).
Responses of Stiffened Cylindrical Panels,”
AIAA J ., 9,pp 1171-1 178 (1975). 88. Jones, N., “The Influence of Large Deflections

on the Behavior of Rigid-Plastic Cylindrical
79. Wu , R.W .H . and Witmer , E.A., “Theoretical Shells Loaded Impulsively,” J. AppI. Mech .,

and Experimental Studies of Transient Elastic- Trans. ASME , 37 (2), pp 4 16425 (1970).
Plastic Large Deflections of Geometrically
Stiffened Rings,” J. AppI. Mech., Trans. ASME , 89. Bieniek , M.P., Funaro , J., and Baron, M L.,
42 (4), pp 793-799 (1975). “Numerical Analysis of the Dynamic Response

of EIas’to-Plast ic Shells,” Weid linger Assoc .,
80. Jones, N., Dumas, J.W ., Giannott~, J.G., and Tech. Rept. No. 20 to O.N .R. (Nov 1976).

Grassit , K .E., “The Dynamic Plastic Behavior
of Shells,” Dynamic Response of Structures, 90. Bieniek , M.P., “Note on the Dynamic Buckling
G. Herrmann and N. Perrone, Eds., Pergamon of Elasto-Pla stic Structures,” Weid linger Assoc .,
Press, pp 1.29 (1972). Tech . Note to O.N.R. (Oct 1976).

81 . Kawa i , T. and Toi , V ., “A Discrete Analysis 91. Hunsaker , B., Vaughan, D. K., and Stmick lin ,
on Dynamic Collapse of a Beam under Im- J.A.. “A Comparison of the Capability of Four
pulsive Transverse Load,” J. Seisan Kenkyu, Hardening Rules to Predict a Material’s Plastic
Inst. Indus. Sci ., Univ. Tokyo , 29 (5), pp 288- Behavior ,” J. Pres. Vesse l Tech ., Trans. ASME ,
290 (1977). 98, pp 66-74 (1976).

82. Kawai, T., “New Discrete Models and Their 92. Campbell , J O., “Dynam ic Plasticity: Macro-
Application to Seismic Response Analysis of scopic and Microscopic Aspects,” Matls. Sci.
Structures,” Nod . Engr . Des. (in press). Engr., 12 , pp 3-21 (1973).

83. Capurso, M., “On the Extremal Properties of 93. Bodner , S R . and Partomn , V., “A Large De-
the Solution in Dynamics of Rigid-Visco - formation Elastic-Viscoplastic Analysis of a
plastic Bodies Al lowing for Large Displace- Thick’Wa lled Spherical Shell ,” J. AppI. Mech.,
ment Effects,” Meccanica , 7 (4) , pp 236- Trans. ASME, 39 (3), pp 751-757 (1972).
247 (1972).

94 . Bodner . SR.  and Partom, V ., “A Representa-
84. Maier , G., “Upper Bounds on Deformations tion of Elast ic-Viscoplastic Strain-Hardening

17

- . .
‘. :

_ _

~~~ ‘~~~
_ ‘ ‘ _ _



Behavior for Generalised Straining Histories ,” Struc., 10, pp 709-734 (1974).
Mechanical Properties at High Rates of Strain,
J. Harding, Ed., Inst . Physics (London), Conf . 105. Ko , W.L., Pennick , H.G., and Baker , W E .,
Ser . No. 21,pp 102-110 (1974). “Elastic-Plastic Response of a Multi-Layered

Spherical Vessel to Internal Blast Loading,”
95. Bodner, S.R . and Partom, V ., “Constitutive Intl. J. Solids Struc ., 13 , pp 503-514 (1977).

Equations for Elastic-Viscoplastic Strain-Hard-
ening Materials,” J. Appl. Mech ., Trans. ASME, 106. Lepik , U. and Mroz , Z , “Optimal Design of
42 (2). pp 385-389 (1975). Plastic Structures under Impulsive arid Dynamic

Pressure Loading,” Intl . J. Solids Stroc., 13,
96. Sperling. A. and Partom, V ., “Numer ical pp 657-674 (1977).

Analysis of Large Elastic-Plastic Deformation
of Beams due to Dynamic Loading,” Intl. J, 107. Menkes, S.B. and Opat , H.J., “The Finite-
Solids Struc ., 13, pp 865-876 (1977). Element Method as Applied to Ductile Ma-

terials Undergoing Large Strains and Rup-
97 . Forrestal , M,J. and Wesenberg, D.L,, “Elastic- tures,” Picatinny Arsenal , Tech . Rept. 4997

Plastic Response of 6061-T6 Aluminum Beams (1976).
to Impulse Loads,” J. Appl. Mech., Trans.
ASM E , 43 (2), pp 259-262 (1976). 108. Herrmann , G. and Perrone , N., Eds., Dynamic

Response of Structures , Pergamon Press (1972).
98. Forrestal, M.J. and Wesenberg, D,L., “Elastic-

Plast ic Response of Simply Supported 1018 109. Jones, N., “On the Collision Protection of
Steel Beams to Impulse Loads,” J. AppI. Mech., Ships,” Nod , Engr. Des,, 38, pp 229-240
Trans. ASME, 44 (4), pp 779-780 (1977). (1976).

99. WaIling, H.C. and Forrestal , M.J., “Elastic- 110. Rawlings , B. and Shapland , P., “Experimental
Plastic Expansion of 6061-T6 Aluminum Behavior of Thin-Walled Steel Box Sections
Rings,” AIAA J., 11(8) . pp 1196- 1197 (1973). under Impact Overload ,” Univ . Sheffield ,

Dept. Civi l Struc. Engrg., Rept . No. 29 (1973).
100. Al-Hassani , S.T.S., Johnson, W., and Vickers,

G.W ., “Dynamically Loaded Variable Thick- 111. Wierzbicki , T. and Akerstrom , T., “Dynamic
ness Cantilevers Using a Magnetomotive Im- Crushing of Strain Rate Sensitive Box Col-
pulse,” Intl. J, Mech. Sci., 15, pp 987-992 umns,” 2nd Intl. Conf . Vehicle Struc . Mitch .,

(1973). SAE ,pp l9-31 (1977).

101 . Duffey, T . and Mitchell, 0., “Containment of 112. Soden, P.D., Al-Hassani , S.T .S., and Johnson,
Explosions in Cylindrical Shells.” Intl. J. Mech. W., “The Crumpling of Polyvinylchlonide
Sci,, 15, pp 237-249 (1973). Tubes under Static and Dynamic Axial Loads ,”

Mechanical Properties at High Rates of Strain ,
102, Benham, R.A, and Duffey, TA,, “Experi- J. Harding, Ed,, Inst . Physics (London), Conf .

mental-Theoretical Correlation on the Contain- Ser, No. 21 , pp 327-338 (1974).
ment of Explosions in Closed Cylindrical
Vessels,” Intl. J. Mach. Sci., 16 (8), pp 549- 113. Thornton, P H ., “Static and Dynamic Collapse
558 (1974). Characteristics of Scale Model Corrugated

Tubular Sections,” J . Engr . Matls. Tech .,

103. Krajcinovic , 0., “Dynamic Response of Rigid- Trans. ASME, 97 (4), pp 357-362 (1975).
Plastic Beams - General Case of Loading,”
J, Struc . Mach ., 3 (4), pp 439-457 (1975). 114, Saczalski , K.J. and Park , K.C., “A Simplified

Technique for Prediction of Collapse Modes
104. Voungdahl, C.K ., “Dynamic Plastic Deforma- in Crash-Impacted Structural Systems,” J.

tion of Hexagonal Frames,” Intl. J. Solids Engr. Indus., Trans. ASME , ~~ (3), pp 902-

18



908 (1976). 125. Tong, P. and Rossettos , J.N., “Modular Ap-
proach to Structural Simulation for Vehicle

115. Thornton, P.H. and Dharan, C.K .H., “The Crashworthiness Prediction,” DoT Rept . No,
Dynamics of Structural Collapse ,” Matl. Sci. DOT-TSC-NHTSA-74-7 (1975).
Engr .. 18,pp 97-120 (1975).

126. Davis, F.C. and Pih, H., “Plast ic Impact Testing

116. Shieh, R.C., “Large Displacement Matr ix of Shipping Cask Fin Specimens,” NucI. Engr.

Analysis of Elastic Nisco-plastic Plane Frame Des., 24, pp 322-331 (1973).

Structures,” J. Engr . Indus., Trans. ASME ,
97 (4), pp 1238-1244 (1975) 127. Giannotti , J.G., “High Speed Ship Structural
— Dynamics: Practical Application to Design,”

Soc. Naval Arch . Mar . Engr ., Chesapeake
117. Mclvor , 1 K . and Anderson, W .J., Dynamic Sec. Paper (Mar 1976).

Validation of a Computer Simulation for
Vehicle Crash,” 2nd Intl. Cont . Vehicle Struc. , . -128. Ross, C A., Strickland, W.S., and Sierakowsk i,
Mach.. SAE, pp 9-17 (1977). R.L., Response and Failure of Simple Struc-

tural Elements Subjected to Blast Loadings,”
118 Mclvor , 1 K., Anderson , W.J., Bijak- Zochowski , Shock V ib. Dig., 9 (12), pp 15-26 (1977).

M., “An Experimental Study of the Large 
—

Deformation of Plastic Hinges,” Intl . J. Solids 129. Wakabayashi , M., Nonaka , T., Minami , K.,
Struc., 13, pp 53-61 (1977). and Shibata, M., “Experimental Studies on the

Large Plastic Deformation of Frames due to
119. Mclvor , 1 K ., Wineman , A S,, and Wang, H,C., Horizontal Impact ,” Bull. Disaster Prevention

“Plastic Collapse of General Frames,” Intl. Res. Inst., Kyoto Univ., 20 ( 181), Pt. 4, pp
J. Solids Struc., 13 , pp 197-210 (1977). 245-266 (1971).

120. Garnet . H. and Armen, H., “Repeated Impact 130. Ward , H,S., “The Characterist ics of Dynamic
and Rebound of an Elastic-Plastic Bar from a Loads and Response of Buildings,” Shock
Rigid Surface,” Computers Struc., 7 , pp 391- Vib , Dig., 9 (8),pp 13-20 (1977).
397 (1977).

121, Lush, A .M. and Witmer , E,A., “Studies of
Impact-Induced Responses of a Generic Crush-
able-Rigid Rodlike Missile against Rigid and
Deformable Targets.” MIT , Aeroelastic Struc.
Res. Lab,, Rept . ASRL TR 190-1 ( 1977).

122. Al-Hassani , S.T.S. . Johnson, W , and Lowe,
W .T., “Characteristics of Inversion Tubes
under Axial Loading,” J . Mech. Engr. Sci.,
14 (6), pp 370-381 (1972).

123. Johnson, W. , “An Elementary Analysis of an
Energy Absorbing Device : The Rolling Torus
Load Limiter ,” Intl. J. Mach . Sci., 15, pp 357-
366 (1973).

124. Johnson, W ., Reid , SR.,  and Singh, L.B.,
“Experimental Study of the Rolling Torus
Load Limiter .” Intl. J . Mech. Sd., fl, pp 603-
615 (1975).

19

_ _ _ _  

—I- 
~~~~~~~~~ - - ~

i_I_iI__.t



BOOK REVIEWS

FLOW-INDUCED STRUCTURAL Tacoma Narrow Bridge disa ster , Flutter --  the cause
V IBRATION of the bridge failure -- as well as vibration and aero-

dynamic theory have played important roles in the
E Naudascher , Editor design of bridges and the wings, tail surfaces , and

Springer-Verlag , Berlin , Heidelberg, New York turbine blades of airplanes. The various papers
discuss flutter , aerodynamic response to turbulent

Flow-induced structural vibration is important in wind , torsional oscillat ions of H sections in random
many areas, including fluid mechanics , hydraulics , gusts, and torsional oscillations, Buildings oscillate
and acoustics. This compilation of material presented during random gusts and winds, A paper on wind
at the Flow-Induced Structural Vibration Symposium tunnel tests shows its application to design.
held at the University of Karlsruhe , Germany on
August 14-16, 1972 is concerned mostly with fluid Session F considered flow-induced vibrations of
mechanics, The symposium consisted of 49 papers, bluff bodies. They include unsteady aerodynamics
five general lectures, and a panel workshop. The of wings and blades, unsteady pressure oscillations
papers were assigned to eight sessions, labeled A-H. on circular cylinders, flow-induced oscillations of

cant ilevered cylinders in water , and vortex-induced
The chapter dealing with Session A has to do with the vibrations of tr iangular cylinders. One paper covered
flow of fluid in the air chamber , neppe oscil lations, the correlation between forces and flow-field features
flapping jets , oscillation of a jet in a rotating fluid, for bluff cylinders. The reviewer considers this
and hydraulic instability in a pressurized water session a most informative one .
reactor .

Session F had to do with flow-induced vibrations of
The informative chapter on Session B stresses mathe- marine structures; such vibrations have become
matical models of flow-induced vibrations. Pertinent prominent in the past few years. An excellent paper
topics include wake and vortex shedding past a single on ocean wave spectra and eddies is recommended
cylinder, prediction of flutter forces , low frequency for readers interested in ship design, Other papems
components of separated flows , and fluctuating consider oscillations of full-scale piles, vibrations
pressures on bluff bodies. This chapter contains a of mooring lines, hydrofoil flutter , hydroelastic
tremendous amount of information . The subjects motion of two cylinders on cylindrical supports , and

have generated many papers in technical journals flow- induced vibrations of two cylinders in tandem.
during the past few years.

Flow-induced vibrations of shells and pipes are
Session C had to do with the role of hydraulic sys- important in power plant and reactor design. The
tems in initiating flow-induced vibration , At one time papers of Session G consider various problems in
little thought was given to the dynamics of hydraulic such design, as well as in smoke stacks.
systems except for instability. This chapter contains
information on the vibration of vertical left gates , Session H, flow-induced vibrations relating to build-
dam and gate vIbrations, and vibrations of swing ings, was also discussed in Session D. The response
check valves and gate valves. A paper on flow-induced of buildings to flow-induced stimuli has become a
structural oscillations com pares analyses with hydro- topic of importance due to recent wind damage of
namic measurements on structures, large buildings. This session also considered tur-

bulence-induced vibration and vortex generat ion in
Flow-induced vibrations of beams and bridge docks, a wind tunnel on bluff buildings -- a modern design
the topic of Session D, have been studied since the approach, Other papers discuss wake galloping,

20

- . -, - -.-- , - - —._ _ _ _ _ _ _ _  _ _ _ _ _ _. . - .~ ,.~~~~~~~~~~~~—.- — .— .- ~~-——



which is in oscillation instability, and plus galloping theory , which is applied and expanded in succeed-
oscilL~t ions of prisms in smooth and turbulent flow, ing chapters.

In ~ ,t r i rrra ry , this is an excellent book , and the The directness and simplicity of Bartlett ’s style of
edito r is to be congratulated . The reviewer would presentation is illustrated by his definit ion of poten-
ti,i~ c’ l i l ed  to have seen papers on aircraft noise and tial energy. His simple , rather nonmathematical,
ii o istic fai lures due to sonic fatigue in both air- explanation is more satisfying than the normal

raf t  and reactors. Many of the papers from this three-dimensional vector presentation involving the
symposium are of interest to the engineer and scien- introduction of exact scalar differentials , the poten-
tist e nyaqed in flow-i nduced vibrations. The sympos- tial energy function,and potential energy.
iij ’ i i  served as an introduction to the world of dy-
narnic fluid mechanics , and the book is a must for Succeeding chapters examine the elliptic functions
workers in this field, associated with the pendulum and top; the two-body

problem, magnet ic dipoles, Faraday ’s law, and
Herb Saunders Maxwel l’s equation.

General Electric Company
Building 41 , Room 319 The advanced nature of the book becomes evident

Schenectady, NY 12345 in chapters covering the betatron , linear accelerator ,
the dynamics of special and general relativity, and
contact transformations for the analysis of beams or

CLASSICAL AND MODERN MECHANICS particles. Other sections deal with general auto-
nomous systems, the stability of periodic non-

J.H. Bartlett autonomous systems, motion in the field of a mag-
The IJ !livers ity of Alabama Press , University, AL netic dipole, and the restricted three-body problem.

1975
This book should be of interest to advanced graduate

This book is a no-nonsense collection of a number of students and researchers working in the general
the paths that have led to modern mechanics. The areas described above.
corriplexity of the material increases from chapter
to chapter , however , Bartlett effe ctively maintains M. Taylor
a style ~f simplicity and readability. Excess mathe- Applied Mechanics Division
rnatical complex ity has been eliminated , and a University of Virginia
m i n imum num ber of variables (often just one) Charlottesville , VA 22901
have been used to explain and illustrate the con-
cepts. This book is writ t c ’r for the engineer and
scientist ,~,ih a good grasp of elementary physics. VIBRATION : BEAMS, PLATES

AND SHELLS
the tux~ is not polohed but is rather a collection of

type wri t ten sheets and diagrams. The table of A. Kalnins and CL,  Dym , Editors
contents is adequate; appendices, references , and Halsted Press, 1976
an au t h o r ’s index are included , but there is no
~‘i hj ect index . This book is one of a series of Benchmark Papers in

Acoustics. Each of the other volumes deals with a
Much üf the motivation for this book derives from particular subject in acoustics. Titles and editors of
the author ’s u.~perience as teacher and investigator the other eight volumes are: Underwater So”4

ru the field ~ high-energy accelerators , the restri cted V.M. Albers; Acoustics, Historical and Philosophical
three body problem, and stability problems for DeveIoprn~~t . R B . Lindsay; Speech Synthesis,
syst Prm is h,jvin~ periodic character istics. J,L. Flanagan and L.R. Rabiner; Physical Acoustics,

R,B, Lindsay; Musical Acoustics Part I, Violin Family
The first two chapters, “Simple Motion” and “Gener- Components, C M , Hutchins; Musical Acoustics Part
al E quations of Motion,” contain the elementary II, Viol in Family Functions, C.M. Hutchins; Ultra-
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sonic Biophysics , F. Dunn and W .D. O’Brien, Musical cases , elegant analysis.
Acoustics , Piano and Wind Instruments , E L .  Kent.
The series editor is RB .  Lindsay. The editors indicate in the Preface that they have

chosen papers not necessarily for their originality
This most recent volume contains 41 papers tinder but for their clarity. Clarity, however , is a subje ctive
the following headings: measure and cannot substitute for what should have

been an objective selection of benchmark papers.
• Vibration and Waves in Beams, five papers Fortunately, most of the papers are significant ones ,
• Vibration and Waves in Plates , ten papers but the substitution of originality by the subjective
• Free Vibration of Shells , ten papers measure of clarity opens the door to the possibility
• Dynamic Response of Shells , six papers of parochialism in the selection process . Other
• Nonlinear Vibration , six papers editors undoubtedly would have faced the same
• Damping, four papers, problems in making selections and perhaps would

have fallen into the same trap.
Each section contains a brief , clear , and well written
summary of the high l i ghts of each paper and , in John F . Goldberg
some instances, a perspective vis-a -vis other papers Guest Professor
on the same topic. Ruhr-tJniversitht Bochum

Institut f . Konstruktiven lngenieurbau
The papers range from early contributions of basic 463 Bochum-Querenburg. Postfach 2148
technical importance but mostly of historical interest
to papers of considerable analytical and practical
importance that were published during the past
25 or 30 years and are still useful to papers that
seemnm mostly of academic interest and thus have
limited significance .

Am ong the papers of historical interest is a three
page excerpt from Theory of Sound, in which Lord
Rayleigh rationalizes his separation of shell vibra-
tions into extensional and inextonsional cases. Also
inciuded is Love’s paper on thi n shells containing
a critique of Rayleigh’s point of view . Other historical
papers include that of Tirriosheriko on the correction
for shear in beams and that of Reissner on his shallow
shell theory. Papers on waves are by Lamb , Mik-
lowitz , Mindlin and his colleagues, Gaz is , and others.
Several papers on nonlinear vibrations are also in-
cluded.

Papers of considerable importance published in the
past 30 years include Young’s paper on vibration of
rectangular plates containing tables of mode shapes
and frequencies under various boundary conditions.
Also in this category is the expository paper by
Crandall on the role of damping in vibration theory.

A number of excellent scholarly papers deal in
many instances with narrowly defined academic
or esoteric problems. Nevertheless, these papers are
excellent examples of careful research and, in some
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SHORT COURSES

OCTOBER Contact . Mr. Frank Ralbovsky, MTI , 968 Albany
Shaker Rd ., Latham , NY 12110 (518) 785-2349.

VIBRATION DAMPING
Dates: October 23-26, 1978 STRUCTURAL ANALYSIS SHORT COURSE
Place : University of Dayton Research Institute The following short course in structural analysis
Objective: To cover the science and art of utilizing is being offered by Schaeffer Analysis in October
vibrat ion damping materials to reduce the undesir- of 1978 in Boston , Massachusetts.
able effects of noise and vibration on structures and
equipment. The course is designed to teach the Com posite Mater ials
background, basic analytical methods and exper i- • Structural Applications of Composite Ma-
mental techniques needed for design and application teria ls
of damping treatments in aircraft and spacecraft October 23-26 , 1978

structures , engines and equipment . Step by step
procedures will be discussed , along with case his- Contact : Schaeffer Analysis , Kendall Hill Road ,
tories. The fee for early registration is $410 (before Mont Vernon , New Hampshire 03057 ‘ (603) 673-
October 2, 1978) and $425 thereafter. 3070 ,

Contact ’. Vibration Damping Short Course , Re-
search Institute - KL 501, University of Dayton . M ECHANICAL RELIABIL I TY AND PROBAB I LIS-
Dayton, OH 45469 , Attn: Dale H. Whitford , (513) T IC DESIGN FOR RELI ABILIT Y
229-4235. Dates’ October 30-November 3, 1978

Place . The George Washington University
Objective : Topics to be discussed include the proba-
bilistic-desi gn-for-re liabil ity or the stress-stre cot h-

MACHINERY VIBRATION SEMINAR distribut ion-interference approach to design; the com-
Dates: October 24-26, 1978 parison of the conventional design to the proba-
Place : MTI , Latham, New York bilistic-desi gn-for-re liabi lity methodology; the deter-
Object ive : To cover the basic aspects of rotor-bear- mnination of the failure-govern ing stress and strength
ing system dynamics. The course will provide a fonda- distributions; the computation of the associated
mental understanding of rotating machinery vibra- reliability with a desired confidence , and the predic-
tions; an awareness of available tools and techniques tion of the reliability of components and structural
for the analysis and diagnosis of rotor vibration mem bers subjected to static or to fatigue loads.
problems; and an appreciation of how these tech-
niques are applied to correct vibration problems. Conta ct: Continuing Engineering Education Pro-
Technica l personnel who will benefit most from this gram , George Washington University, Washington ,
course are those concerned with the rotor dynamics D.C. 20052 - (202) 676-6106 or toll free (800) 424-
evaluation of motors, pumps , turbines, compressors ,
gearing, shafting, couplings, and similar mechanical
equipment. The attendee should possess an engineer-
ing degree with some understanding of mechanics NOVEMBER
of materials and vibration theory. Appropriate job
functions include machinery designers; and plant , DIGITAL SIGNAL PROCESSING
manufacturing, or service engineers. Dates: November 6-10 , 1978
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Pl,~ The George Washington Univers ity Santa Barbara , CA 93105 - (805) 963-1124 .
Washington , D.C.

Objective The course is designed for engineers .
scientists , teij inical managers , and others who desire 16111 ANNUAL RELIABILITY ENGINEERING
a better understanding of the theory and applications AND MANAGEMENT I NSITUTUTE
of digital signal processing The objective of this Dates. , November 6-10 , 1978
course is to provide the participants with the essen- Place : Tusco n, Arizona
tials of the design of lIP and FIR digital filters , Objective : The course will cover the following top.
signal detection and estimation techniques , and the ics: Reliability eng ineering theory and practice;
development of Fast Fourier Transform Algorithms. Mechanica l reliability pred iction; Reliability testing
The applications of digital si gnal processing to speech and demonstration; Maintainability engineering, Pro-
processing will also be discussed . The mathematical duct liability; and Reliability and Maintainability
concepts needed for understanding this course will Management.
be developed during the presentation .

Conta ct: Dr. Dimitri Kececioglu , Aerospace and
Conta .t Continuing Engineering Education Pro- Mechanical Engineering Dept., University of Arizona ,
gram , George Washington University, Washington , Bldg. 16 , Tucson , AZ 85721 - (602) 626-2495/
D.C. 20052 - (202) 676-6106 or toll free (800) 424- 626/3901/626-3054.
9773 .

MACHINERY VIBRATIONS COURSE
VIBRATION AND SHOCK TESTING Dates: November 13-16 , 1978
Dates Novemnber 6-10 , 1978 Place : Oak Brook , Illinois
Place Washington . D.C. Objective. This course on machinery vibrations will
Objective Lei:tures are combined with physical cover physical /mathematical descriptions, calcula-
demonstrations: how structures behave when me- tions , modeling, measuring, and analysis. Machinery
chanically ex :ited , how input and response forces vibrations control techniques , balancing, isolation ,
and motions are sensed by pickups , how these electri- and damping, will be discussed. Techniques for
cal signals are read out and evaluated , also how machine fault diagnosis arid correction will be review-
mneasurement syste m s are calibrated . The relative ed along with examples and case histories. Torsional
mr meri t s of various types of shakers and shock machines vibration measurement and calculation will be cover-
are considered Controls for sinusoidal and random ed,
vibration tests are discussed .

Contact: Dr. Ronald L. Eshleman , Vibration
Contact Wayne Tustin , Tustin Institute of Tech ., Institute , Suite 206, 101 West 55th St., Clarendon
Inc . , 22 East Los Olivos St. , Santa Barbara , CA H i l l s , IL 60514 - (312) 654-2254.
93105 (805) 963-1124 .

JANUARY
V IB R A T IO N AND SHOCK SURVIVABILITY
Dates’ November 6-10, 1978 STR U CTUR ED PR OGR AMMING AND SOFT W AR E
Place. Ling Electronics , Anahei m , California ENGINEERING
Objective - Topics to be covered are resonance and Dates: January 8-12 , 1979
fragility phenomena , and environmental vibration and Place : The George Washington University
,hock ‘neasurement and analysis , also vibration and Obje ctive: This course provides up-to-date technical
shock environmental testing to prove survivability, knowledge of logical expression , analysis , and inven-
This course will concentrate upon equipments and tion for performing and managing software architec-
technqiues , rather than upon mathematics and ture , design , and production . Presentations will
theory. cover principles and applications in structures pro-

gramming and software engineering, including step-
Contact Wayne Tustin , 22 E. Los Olivos St., wise refinement , program correctness , and top.
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down system development. MARCH

Contact Continuing Engineer ing Educat ion Pro- MEASUREMENT SYSTEMS ENGINEERING

gram , George Washington University, Washington . Dates: March 12-16 , 1979

D.C. 20052 - (202) 676-6106 or toll free (800) 424- Place : Phoenix , Arizona
9773 MEASUREMENT SYSTEMS DYNAMICS

Dates: March 19-23 , 1979
Place: Phoenix , Arizona

FEBRUARY Objective . Program emphasis is on how to increase
productivity, cost-effe ctiveness and data-validity of
data acquisition groups in the field and in the labora-

VIBRATION AND LOOSE PARTS MONITORING tory . The program is intended for engineers . scien-

SYSTEMS AND TECHNOLO GY tists , and managers in industrial , governmental , and

Dates February 5-8 , 1979 educational organizations , Electrical measurements of

Place Los Angeles , California mechanical and thermal quantities are the m ajor

Obje ctive : A course designed for users , utility topics.

designers spcci f~’ ing systems , installers , operators .
and analysts of Vibration and Loose Paris Monitoring Contact . Peter K , Stein , 5602 E. Monte Rosa ,

Systems. Classroo m instruction in theory, installa- Phoenix , AZ 85018 - (602) 945-4603/946-7333.

tioii, calibration, alarms and location, signature
analysis , noise analysis , and troubleshooting and
servicing. Practical demonstration includes student APPLICATIONS OF THE FINITE ELEMENT

“hands-on” operation of equipment . METHOD TO PROBLEMS IN ENGINEERING
Dates: March 12-16 , 1979

Contact C.A Parker , Nuclear Training Center , Place : The University of Tennessee Space Inst .

Atomics International , P. O Box 309. Canoga Park , Objective : This course wil l concentrate on material

CA 91304 - (213) 341-1000, Ext . 2811. developed recently and provide a solid foundation
for those relatively new to the field . T opics to be
covered are the treatment of mixed type equations
which occur in transonic flow and wave motion in

FLOW -INDUCED VIBRATION PROBLEMS AND nonlinear solids, mixed type elements which are of

THEIR SOLUTIO NS IN PRACTICAL APPLICA - importance in systems such as the Navier-Sto kes

TIONS: TUR B O MACH I NERY , HEAT equations , the interrelationship between the equation

EXCHANGERS AND NUCLEAR REACTORS formation and the iterative scheme needed to solve

Dates - February 12-16 . 1979 any of the nonlinear equations the advantages of

Place The Uni.ersity of Tennessee Space Inst hybrid elements, and the use of intera ctive graphics

Object ive . The aim of the course is to provide as an aid to problem solution.

practicing engineers engaged in design, research and
service , an in-depth background and exposure to Contact : Jules Bernard , The University of Tennes-

various problems and solution techniques developed see Space Institute, Tullahoma, TN 37388 - (615)

in recent years. Topics to be covered will be the 456-0631. Ext. 276 or 277 ,

fundamental principles of unsteady fluid flow ,
structural vibration and their interplay; review of
the morphology of flow-induced vibration; state-
of -the-art discussion upon theory, experimental
techniques and their interaction , methodology of
alleviation .

Contact . Jules Bernard . The University of Tennes-
see Space institute , Tullahoma , TN 37388 - (615)
455-0631 - ~xt 276 or 277.
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U.

news on current

N EWS BRIEFS ~ Vibration activities and events

CALL FOR PAPERS from Dept. STD . AlP Back Numbers Department ,
Deii’ign and Applications 335 E . 45th St., New York , NY 10017 . Orders not

Advanced Composite Materials accompanied by payment will be subject to a $2.00
handling charge .

The Mechanical Failure Prevention Group (MFPG)
sponsored by the National Bureau of Standards; In addition to these documents, the Acoustical
Office of Naval Research , Department of the Navy; Society has available an index of Noise Standards
Department of Energy; and NASA Goddard Space covering standards published in the United States ,
Flight Center will hold its 29th Symposium at the International Standards and standards published in
National Bureau of Standards , Gaithersburg, Mary- other countries. Also available is a noise standards
land on May 22-24 , 1979. Papers are desired in the package which includes key American National
following areas- Applications in land , rrmarine , and Standards concerned with noise.
aerospace systems, Analytical techniques , Fabrication
techniques; Non-destruct ive testing; Failure modes; The Society also has available 38 standards on noise,
Environmental effe cts; and Materials. Proceedings physical acoustics, bioawustics and shock and
in the form of extended abstracts , 2-4 typewritten vibration which are published by the Amer ican
pages, will he published by the National Bureau National Standards Institute .
of Standards. Closing date for initial abstra cts is
January 1. 1979 and for extended abstract s, April Further information on all of the above documents
30, 1979 . Abstra cts should be sent to Jesse E. Stern , may be obta ined from the Standards Manager ,
Code 721 . Goddard Space Flight Center , Greenbelt , Acoustical Society of America , 335 E. 45th Street,
Maryland 20771 - (301)982-2657. New York , NY 10017.

ASA ANNOUN CES THE AVAILABILIT Y
OF TWO NEW NOISE STANDARDS

New standards on noise rating with respect to speech
intelligibility and criteria for permissible ambient
noise during audiometric testing have been published
by the Acoustical Society of America . Both docu-
ments are American National Standards , having been
prepared by Standards Committee S3 of the Ameri-
can National Standards Institute (ANSI). The Acous-
tical Society holds the Secretariat of the ANSI Si ,
S2 and S3 comm ittees on Physical Acoustics , Shock
and Vibration and Bioacoustics respectively.

The new standam ds are designated ANS S3.i-1977
(ASA Catalog No 9 - 1977), Criteria for Perm issible
Ambient Noise During Audiomnetric Testing, and ANS
S3.14-197 / (ASA Cata log No. 21-1977), Standard
for Rating Noise with respect to Speech Intelligibil-
ity . Both documents are avialable for $7.00 each
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ABSTRACTS FROM
THE CURRENT LITERATURE

Copies of articles abstracted in the DIGEST are not available from the SVIC or the Vibration Institute (except
those generated by either organization). Inquiries should be directed to library resources. Government reports can
be obtained fro m the National Technical Information Service, Springfield , VA 22151 , by citing the AD-, PB-, or
N- number. Doctoral dissertations are available from University Microfilms (UM), 313 N . Fir St ., Ann Arbor , Ml;
U.S. Patents from the Comm issioner of Patents , Washington, D.C. 20231, Addresses following the authors’
names in the citation refer only to the first author. The list of periodicals scanned by this journal is printed in
issues 1,6,ard 12.

ABSTRACT CONTENTS
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COMPUTER PROGRAMS ..  .3 1 COMPONEN TS 43 Mechanical 57
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ANALYSIS AND DESIGN dampfter Schwingungen bel (.ultigkeit der Bequein.
Iichkeitthypothcse)
S. Falk
Lehrstuhl f . Much . u. Festigkeits lehme , T . lJ. Hiauri-
schweig. Postfach 3329. D-3300 Brauriscliwt~iq, West
Germany. Ing. Arch ., 47 (2), pp 57 - 66 (19k.’) 4 f igs ,

ANALYT ICAL METHODS 7 refs 
--

(In German)

78-1364 Key Wor th : Eigenvalue problem s , Vibration damping

On a Generalization of the Lewis Inva ri ant for the The matrix differentia l equation Mu + Dà + Cu o of an
Tine-Dependent Harmonic Osc illator N-degree-of-freedom linear dynamic system with viscous
P.G .L. Leach damping may have the special property 0 eM + cC . For
Dept . of Mathematics , LaTrobe Univ., Bundoora, LhIs case it Is shown that the complex eige nva lues are situated

Victoria 3083, Australia , SIAM J . Appi. Math ., on a circle in the comple x X-plane , determ ined by the pa-

34 (3), pp 496 503 (May 1978) 21 refs rameters 0 and C. For the real roots a simple pres entation
in the X-plane is give n . An extension to cont inuous sy stems
is possible.

Key Wo rds : Oscillators , Damping

An exact invariant is found for the one dimensional oscil-
lator with equation of motion ii + f (t )~ + w

2 (t )q 0. The NUMERICAL ANALYSIS
method used in that of linear canonical transformations with
time-dependent coefficients. The significance of extension
to higher dimensions of these results is indicated, In par-
t iculer for the existence of noninvariance dynamical sym- 78.1367
met ry groups. The Pulse Response of Nonlinear Third Order Sys-

tents
5G . Joshi and P . Sriniva san

78-1365 Dept. of Mech . Erigrg., indian Inst. of Science ,

On the Non-Uniform Convergence of Galerkm’s 
Bangalore 560012 , India , J. Sound Vib., 58 i i),

Method pp 109-115 (May 8, 1978) 2 figs , B ruts

H.H.E . Leipholz and A. Mandadi
Dept . of Civil Engrg., Univ. of Waterloo , Waterloo , Key Words: Pulse excitation , Approximation method s,

Numerical analysis
Ontario, Canada. J. Sound Vib ., 57 (4), pp 483-
498 (Apr 22, 1978) 4 figs , 13 refs The response of a third order non-linea r system subjected

to a pulse excitation is analyzed . A transform at ion of the

Key Words: Gelerkin method , Eigenvelue problems displacement variable is effected. The transformation func-
t ion chosen is the solution of the linear probl em subjected

It is generally accepted that the application of Gaierkin ’s to the same pulse. With this transformation s he equation of

method to non-aelf-edjoint problems of the theory of elastic motion is brought into a form in which the method of

stability yi.tds reliable resu lts provided that the coeffic ient var iation of parameters is epp licabl e for the solution of

determinant of the associated algebre ic equation converges , the pro blem. The method is applied to a single axis gyro-

Although th is is true in the majority of practical cases, ~ 
stabilized platform subjected t o an exponentially decaying

is shown here that there are exceptions to this rule. An pul se. The analytica l results are compared with digital and

•xplanati on for the occurrence of these except ion. seems analog computer solut ions.

to be contained in the statement that the converg ence of
the coefficient determinant is not aIwsys a uniform one.
This paper I. devot ed to a carefu l study of this aspect .

STATISTICAL METHODS

78-1366 78-1368
D nped V ibration Eigenvalue. its the Cue Where a Statistical Parameters of Estimators in Croas-Spectral
Convergence Hypothesis ii Valid (E.genwerte ge- Analysis
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H.H Burros procedures for studying the behavior of the lInear energy
The Port Authority of New York and New Jersey , for noncons.rvst iv . systems. The class of prob lems con-
One Path Plaia , Jersey City, NJ 07306, J. Sound sidered Is the geometrically nonline ar but materially lin.er.

- However , the develop ed techniques can also be applied toVib , 58 ( 1),  pp 39~5O (May 8. 1978) 6 refs the analysis of problems with different types of nonline ar-
ities.

Key Words: Statistical enalys is , Spectrum analysis

In this paper derivations are pre sented for exact asymptotic
formules for the means, variances , and covariancel of four MODELING
averaged estimators of physical parameters: two power (See No. 1388)
spectra , the colp ectrum and the quad ipectrum , at any
available discrete pos itive frequency. The raw estimators are
averaged across q statistically indepe ndent replications of the
experiment , not across nearby discrete frequencies. DIGITAL SIM ULAT ION

(See No . 1419)

Sosne Simpk Models Describ ing the Transit ion PARAMETER IDENTIFICATION
from Weak to Strong Coupling in Statistical Energy
Analysis
K .L. Chandiramani 78-1371
Bolt Beranek and Newman, Inc ., Cambridge, MA Parameter Eetitnations Under Special Consideration

02138, J. Acoust. Soc. Amer ., 63 (4), pp 1081- of Cont inuous System Parameters (Parameteruckit.
1083 (Apr 1978) 

— zungen unter beaonderer Berücksichtigung von
kontinuier lichen Sydesnparametern)

Key Words: Stati.tic.l energy methods, Coupled response , H. W ierum

Forced excitation Forsctir ift-Berichte der VDl-Zeitschriften, Series 8,
No. 28, 136 pp (1978) 10 figs , Avail VDI-Ver lag

Two simple situations are considered of N mutually coupled G.m.b.H., Postfach 1139 ,4000 Di~sseIdorf , Germany,
oscillators excited at resonance by external random sources. [aken from VD I-Z., 120 (7), p 282 (1978)
Formulas are derived for oscillator energies that display
explicitly the transition from weak to strong coupling be- (In German)
tweori the oscillators.

Key Words: Parameter identification techniqu e, System
identification technique

FINITE ELEMENT MODELING System and process identification are investigated. Proc...
identification is an experimental analysis of a process for the
determination of linear transfer functions.

78-1370
An Energy Theory for the Nonlinear Finite Element
Methods of Structural Dynam ic. 78-1372
SM. Hamdan Walsh Series Approac h to Lumped and Distributeda Ph .D. Thesis, U n i v . of Southern Cal ifornia (1978) System Identif icat ion
Avail - Micrographics Dept., Doheny Library. USC, S.G. Tzafestas
Los Angeles, CA 90007 Control Systems Lab., Univ. of Patras, Patras , Greece ,

J. Franklin inst., 305 (4), pp 199-220 (Apr 1978)
Key Words. Finite element technique , Nonlinear theories , 19 ref 5
Mathematical models

Key Words: Parameter identificat ion technique , Lumped
The purpose of this relearch is to construct and investigate parameter method , Continuous parameter method
new algorithms for nonlinear finite element structural analy-
sis problems. The stabili ty criteria of the proposed algor Ithm s The problem of identify ing the paremete rs of dynamic
are eseessad by developing diecrete energy conser vatIon systems from inpu t -Output records is considered. Both
laws for conServative system. and by const ructing systimatic lumped-parameter and dinribut.d-paramere, systems, deter-

29

--
~~~- ~~~~

-
~~~~~~~~~~~~

--- - - - 
—



ministic and stochast ic , are stud ied . The approach adopted In this thesis the various mode sets (norm el modes , con-

~s that of expanding the system variables in Walsh series. straint modes , attachment modes and res idual attachment
The key point is an operational matrix P which relates the modes ) are defined . A new method which employs residual
coefficient matrix I’ of the Walsh series of a given function attac hment mode . is presented in detail and is shown to
with t he covf licient matrix of Its first derivative. Using this lead to results (e.g., system natural frequencies ) comparable
operational matrix P the necessity to use differentiated data to , or better than those obtained by the other meth odi.
is overcome , a fact that usually is avoided either by integr.-
lion of the data or by using discrete-tIme models.

78-1375
DESIGN TECHNI QUES On the Complex No,mai Mode Analysia of Large
(See Not. 1399, 1405, 1408. 1501) Complex Systems Using Step.by-Step Interconnec-

tion of Subsy sterna
A . Voussefi
Ph.D. Thesis , Unsv . of Cincinnati , 166 pp (1917)

CRITERIA , STANDARDS. AND UM 7803420
SPECIFICATIONS

Key Words: Normal modes , Modal analysis

78-1373 In this work the analysis of large complex systems is corn-

Conmltat ive Docwnent Iansed on ILO Meamre. to plated thr ough the step-by-step interconnection of small
and simple subsystems. The work is based on modal coor-

Control Workplace Hazards of Air Pollution, None dinate analysis for each sub .yst em as well as combined eye-
and Vibration tam by using tran sfer functions for conn.ction points. In
Noise Control Vib. Isolation , 9 (4), p 147 (Apr each step of analysis resonanc es , residues , and modal coor-

1978) dinats. for the next conn .ct ion points of th e system are
calculated. The modal coordinate analysis is com pleted for
a general non-aymmetric system and the concept of lift-

Kay Woydi . Noise Teduclion, Vibra t ion contro l, Standards hand modal coord inates Is used . A new form of dynam ical
and codes matrix for determination of left-hand eigen-vecto rs is pre-

sented. The case where there is some multip licity of reao-
Measure, agreed by the General Conference of the Intern .- nanc .s is discu ssed. Numeric al techniques are used for
lionel Labour Off ice II LO) to st rengthen workmen ’s pro- determination of resonances in each step end a new first
tection against the hazards of air pollution, noise and v ibra- approximation t o each resonance is presented .
tion are set out in a con .ultive document published today
by the Health and Safety Commission ,

78.1 376
SURVEYS AND BIBLIOGRAPHIES Improvement of Modal Method , for Dynamic Re-

(See No. 1413) spon.e Problem, of Linear Elastic Strsscturea
F. Kiessling
Inst . 1. Aeroelastik , Deutsche Forschungs- und
Versuchsanstalt f . Luft- und Raumfahrt , Goettingen,MODAL ANALYSIS AND SYNTHESIS West Germany, Rept . No. ESA-TT-467 , 41 pp (Aug(Also lee No. 1512 )
8, 1977)
(In German)

78.1374 N78-1 8474
A General Procedure for Substructure Coupling
in Dyn nie Analysis Key Words: Modal analysis , Vibration tests, Elastic analysis
C. Chang
Ph .D. Thesis, The Univ . of Texas at Austin, 141 ~~ 

In modal dynamic res ponse computations of linear elastic
(1977) structures global approximations were used for the neglected

normal mod., to get batter results. The neceswy input
UM 7807276 data can be obtained from vIbration tests . The possible

Improvements were demon strated by calculations on a con-
Key Word.: Component mode synthesis t lnuum model and on a discrete model.
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78-1377 78.1379
Difficulties in Finding Modes Expe rinentally When A Method for the Prediction of Noiae Levela at
Several Contribute to a Resonance Construction Site Boundaries
W Soedel arid M. Dhar S. Hongo
S~.hool of Meth. Enqrg., Ray W . Herrick Labs., Construction Method and Machinery Research Inst.,
Purdue Univ , West Lafayette , IN 47907 , J. Sound SAE Paper No. 780471 ,20 pp. 6 figs , 4 tables
Vib , ~58 ( 1), pp 27 38 (May 8, 1978) 9 figs , 1 table ,
3 re t ’ , Key Words: Computer programs. Noise prediction , Con-

struction equipment

Key Word s . Modal analysi s , Resonant response Prior to starting construction work in Japan, it recently has
become necessary to predict the noise pollution level caused

For situations in which several modes may be contributing 
by construction equipment at the job site boundaries. ThI.

ir, e single resonance of a structure , a method for detect ing led to the deve lopment of a simple, inexpensive but rela-
th e individual modes and for extracting useful information t ively precise computer program and method for noise
from the rnae,urements is given. It is also shown that non- pred iction. Input for th, computer program requIres mae-
crossing of the experimental nodal curves may occur when suremen t of the noi se level of each machine used on the
modal resonant responses overlap because of finite damping, 

construction project . Accuracy of the method has beenand again a method is presented that allows the extraction 
exper imentally verified by field tests.

of useful results from measurements ,

78-138078- 1378 ADAMS 2: A Sparae Matrix Approac h to the Dy-Impedance of Acoustic and Structural Wsveguidea 
na~~~ SinsUIatiOn of Two-Dimensional Mechanical

at Their Cutoff Frequencies 
System aM C Jungor 
N, Orlandea , J.C, Wi ley, and R. Wehage(,,jrribridqi: Acoustica l Associates , Inc., 1033 Mass- 
Tech. Center , Deere & Company, SAE Paper No.

.i’.husetts Ave., Cambridge , MA 02138, J. Acoust,
780486, 12 pp. 11 figs , 5 refs

‘~.oc . Arr ier ., 63 (4), pp 1206-1210 (Apr 1978) 11

Key Words: Computer program s. Matrix methods , Me-
chanical systems

Key Words: Waveguide analysis
An efficIent computer program for general purpo se dynamic

Two classes of waveguldes are studied: acoustic waveguldes simul ation of two-dimensional mechanical systems named
conduct ing pressure waves generat ed by a constant-velocIty ADAMS 2 (Automatic Dynamic Analysis of Mechanical
source , and structural waveguide s excited by a constant force Syst ems, 2-Dimensional ) Is described. This program was
shaker. The high-p ass cutoff fr equencies of propagating developed along the seme lines as the ADAMS 141 program
modes of both waveguide class e, equal the natural frequan - for simulation of thre .dimenslonal mechanica l systems.
ci.. of the corresponding standing- wave modes of the wave - For two-dimensional analys is thIs approach results in re-
guide cross section. In acoustic wsveguides, cutoff frequen- duced execution time and storage requwements In corn-
cies correspond to an infinite impedan ce at the source. In par ison to spec ialized use of th . 3D code .
structural waveguides, cutoff frequencies coIncide with
vanishing drive-point impedance, the resonant mode short
circuiting the other modes. This di stinctive behavior is
associated with the presc r ibed excitations and definition 78-1381
of drive-point impedance rather then w ith the nature of 

~~~~~ and Procurement Problem. in the Cu Pipe-
the waveguide. 

line Industry
R H .  Pish
Southwest Research Inst., Combined Environments
Technology Interrelations: Proc . 24th Annual Tech,COMPUTER PROGRAMS Mtg. of the Inst. of Environmental Sciences, Fort
Wort h, TX . pp 407-409 (Apr 18-20, 1978) 1 fig

Key Words : Sound level pressures, Computer programs.
GENERAL Industrial noise
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A computer pro gram AGA-SUM , developed in a study estimates in the presence of disturbances and instrument ation
sponsored by the Pipeline Research Committee and the noi se.
America n Gas A ssociation , provides a practical and easily
used method for predicting the results of combin ing the
sound levels from many pieces of equipment at a plant site .
It is a digita l program written in Fortran IV allowing entry
in either English units (ft . mph, degrees F) or metric unit s ENVIRONIVIENTS(meters , km/h r. degrees C). The program applies correction
factors for humidity, temperature and frequenc y to the
normal radial decay of so und . In addit ion , the progr am can
compute corrections for wind speed and direction,

ACOUSTI C
(A iso see Nos. 1379, 1381, 1382 , 1426 , 1429 ,

1433 , 1435 , 1478 , 14841
78- 1382
Method of Fiut Sound Mode Structure Determ ina-
tion Computer Program (Jeer ’. Manual: Microp hone
Location Program 78-1384
G F Picket t , R .A. Wells , and R . A . Love Effects of Acceleratio n on the Resonance Frequen-
Comrrierc al Products Div ., Pratt and Whitney Air ciea of Crystal Plate.
craft Group, East Hartford , CT , Rept. No, NASA-CR- P.C, Y. Lee, K . Wu ,and Y.S. Wang
135294 , PWA-5554-4 , 72 pp (Aug 1977) Dept. of Civil Engrg., Princeton Univ ., Princeton , NJ
N78 17065 08540, J. Aco ust . Soc. Amer ., 63 (4), pp 1039 -

1047 (Apr 1978) 9 figs . 18 refs
Key Words: Fans , Noise measurement , Measurement tech-
niques, Computer programs Key Words: Plates , Resonators , Rasoneni frequencies ,

Flexural vibration
A computer user ’s manual describing the operation and the
essential features of the micr ophone locat ion program is The changes in the thickness- s hear resonance frequ encies
pre sented . The Microphone Location Program determines of circular crystal plates subjected to steady In-plane eccelera-
microphone locations that ensure accurate and stable results tion of arbitrary direction are studied . A closed-form solu-
from the equation system used to calculate modal structures , tlon for a circular plate under acceleration with three or
As part of the computational procedure for the Microphone more points of mounting is obtained . From this solution ,
Location Program , a first-order measure of the stability of initia l stress and strain fields are computed at each end every
the equation system was indicat ed by a matrix ‘conditioning ’ point of the plate as a fun ction of plate orientation, direc-
number. tion of acceleration, and position s of supports.

78- 1383 78- 1385
Theory and Computer Program for Transfer Func- The Construction of Solutions to Acoustic Scattering
tion Identification by the GRAM Identifier with Probkma in a Sphericall y Stratified Medium
A pp licat ion to Underse a Vehicle. D, Colton and R. Kress
V. K . Jam , G.J . Dobeck , and L.J. Lawdermilt Dept. of Mathematics , Univ . of Strathclyde , Glas-
Univ of South Floridu , Tampa , FL , Rept. No. gow , U K , Quart. J. Mech. AppI. Math., 31 (1), pp g-
NCSL TM- 204-78 , 106 pp (Feb 1978) 17 (Feb 1978) 8 refs
AD-A050 206/2GA

Key Words: Acoustic waves, Wave diffraction
Key Words: Computer pr ograms , Underwater Structures ,
Dynamic response The problem of the scattering of acoustic wave s by a spheri-

cally stratified Inhom ogeneous medium Is consi dered . The
A method for the analys is of submerg ed vehicl, dynamics approach is bleed on a new representation for solutions to
Is described, It enables the test engineer to ld,ntify the the reduced wave equation In a spherically stratifi ed medium .
transfer function parameters from actual flight-test data For smell values of the wave number of Born approximation
(for post- flight analysis) , or fr om simulated trajectories is recovered , wherea s approxim ation methods can also be
(for designing tow -test maneuvers), via the computer program obta ined for larger value , of the wave number where the
GRAM. The method is non lte rat lvs end yields reliable Born approximation may no long er be valid.
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78-1386 Off ice of Environmental Qii .tlity, Federal Aviation
The Scattering of ’ Surface Wav es by Compact Oh- Adrr iin ., Dept. of Transportation , SAE 1’ .~per No
stac ks 780563 , 12 pp. 6 f i gs , 1 table
A M J. lia’,is arid U .G. I ppirnjton
Dept of Mathi’tt i ati.s , Univ ( ) l l i q ,  London , 11 V Key Words: Mathematical models, Aircraft noi se
(j Iidrl J Mto.h A ppi. Mn’l . ‘31 ( 1), pp 11 30 (Feb

The Department of Tran s portation /Federal Aviation Ad-1 f1 8)  1 f i g ,  4 rots
ministration haa developed a valuable noiee .aimu lation corn-
puterized tool for describing and defining the impact of

Key Wor ds Acoustic waves , Wave dif f r ac t ’on aircraft noise around an airport. This tool , the integrated
noise model , became available to the public in 1977 , and is

A regular wave i rsi n travels along the s urface of a body of useful in assessing actual or predicted airport noise impacts.
slightly compressible fluid t inf inite depth or constant The model takes into account all pertinent impact parame-
depth , and is scattered by total l y immersed obstacles. The tars including types and numbers of aircraft operating at the
scattering geometr y may be either two . or three-dimensional , airport , fl ig ht tracks , operat ing procedures , and time of
but is taken to be comp act in the sense t hat the ratio ~ day of aircraft operations. This paper will familiarize the
of char ec t e r rs t ,c width aga inst depth , is small. An ssymp ~ reader with the capabilit ies and characteristics of th e in-
t oti c solution is found in the limit € - 0 using the method tagrate d noise model.
of matched expansions , in which a locally incompressible
inner approximation is matched with art Outer solution that
corresponds to point- or tine- source singul ariti es . A general
treatment is developed and expi icit results are given for the 78-1389
surface waves scattered by either a pair of circular cylinders On the A pp lication of Acou st ic ” Mirs’or ” , “ id e-
or by a prolate spheroid at incidence. scope” and “Polar Correlation” Techniques to Jet

Noise Source Location
H.V. Fuchs

78.1387 Deutsch Forschut ’igs und Versuchsansialt f . Luft-
l)iff rac tion uf Sound Pulse. and Acoustic Emission und Raumfahrt e,V ,, instriut I. Turbuienztorsc hung,
in a Hollow ~.Iast ii- Cylind er 1 000 Berlin 12 , Germuriy, J. Sound Vib ,, 58 (1 1 .
P (.i i r  pp 117126 (May 8 , 1978) 1 fi g, 11 rets
Ph 1.) Thos is , ( .,or r u i l Ui li , 182 pp (1978)
UM 7809461 Key Words: Noise source identification , Jet noise

Key Wo rds~ Sound propag ation , Cylindrica l shells , Cavity Jet noise source identificat ion and location is still an rn-
containing media , Acoustic scatter ing, Non-destructive tests Portent issu e si t sce no really conclusive or generally accepted

descoption of the noise generation processes in turbulent
The pro pagation of so und pulses in ,, thick-wa l led circular j et s hos been given to date. There are not only limitations
cylinder is analyzed by appl y ing the technique of integral Ifl th u spatial resolution which restrict these techniques to
transforms. The tr a nsient waves are gen erate d by a line let noise at the higher St rouhal and Mach numbers but also
source parall el to the axis of the cy linder , and are reflected more fundamental diff iculties in the interpretation of mea-
and diffracted by both cylindrical surfaces. The multiple lured equiva lent source strength density d istributions. In
reflected pulse s are represented by generalized ray integrals , particular , if larg e scale coherent turbulen ce structures par-
each of which represents a pulse traveling along a specific t icipata in j et noise generation the assumption of a uniform
ray path , and the inverse transforms of these ray integrals amplitude and phase of the pres s ure field rad iated from
era evaluated by a modified Cagniard’a method developed Comp aCt elements of this distribution is queat ionabie.
n the thesis. This analysis provides a theoretical basis f or

acoustic emission w hich has been recentl y developed a, a
non-destructive testing technique to monitor the safety and 78-1390
int egrit y of s tr ,c.tu res , and to ro ,-cii ct the f iac ture and fai l-  t ,sde,-w atea Sound Watts ’ Propagatio n in the Presence
ure of mat e r ia ls This t echn c i ~e ‘ s sim i lar ru t h~ passi v e of a Randomly Perturbed Sound Speed Profile.
sonar sys’i’m so ur’derwst e r ao ’j j si ,c

Part I
M t3este ris and W E Kohl~r

I ept o f F loctr ir..tt Engrg., Viryinia Polytechnic
78-1388 inst ~nd State Univ., Black sbu .1 VA 24061 , SIAM
Modelling se a Means to % esr es \oi~i- Impact I APPI . M;ith , ~4 (31. ip 421436 (May 1978 13
C R F ‘ sIte rids
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Key Wo dt’ Underwater sound transmission of , and behind, the obst ructi on. The method is demonstrated
for several situations , including the case of flow through

Time .harrnoriic acou Stic wave propagation is considered in square-edged orifices where Mach number in the jet down-
the prese nce of a spatially and temporally randomly per- stream of one orifice was as high as 0.73.
tuibed parabolic profile A scaling based on typical ocean
environments is introduced. A transport aquat ion governing
th e spac e time evolution of the corre lation function of the
comple x pressure is derived . Finally, the theory is illustrated 78.1 393
by considering an approximate solution in one special case . Six Elements in Plant Noise Control

J. Joiner
Joiner-Peiton-Rose , Inc ., Dallas , TX , Corribined

78-1391 Environments Technology interrelat ions: Proc. of the
Acouatic ’I’ransenianon Through Orthotropic M~ilti- 

24th Annual Tech . Mtg. of the Inst . of Environmental
layered Platen. Part II: ‘frannu iesson Loss Sciences, Fort Wort h, TX , pp 403-406 (Apr 18- 20,
I [ ( iiy,ji ii r rind C Lesueur 1978)
Vi brj t i r ,r i  Aci usto, I rh . of the National Inst . of
Applii:d ~ i i-n(es , 69621 Vi llinirbanne Cedex , France , Key Words: Industrial facilities , Noi se contro l
,j Soiiti3 V t , , b8 ( 1), pp 69-86 (May 8, 1978)

Six of the more popular methods used to reduce noise fromI t ab t n, 23 ro ts a source before reaching a receive r are discussed . They
are distance , orien tat ion , barr iers , absorption , enclosures ,

Key Words Sound transmission lose , Plates , Layered ma- and mufflers.
t i ’  ia ls

An expre s sion for the tran s mission loss by finite , visc oelast ic
.,r i, l c ,thr otro pic multilayered plates , is presented. It is based

78.1394un the development of a method to calculate the tran smis-
sion loss based on a combinatio n of statistical and deter- Noise and Exhaust Gsa Pollution Caused by Engines
rnin ist ic approaches , and on the determination of vibration in Small- and Med’ium-Sized Conatruction Equip-
m odes of orthotro pic multilayered plates (Part I). Numerical mcii i in Japan
computation s of the transmis sion loss show the influences T. Azurna and N. Nakato
of the maim parameters and a type of lig ht high insulation Diesel Engine Committee of J.C.M.A ., SAE Paper
panel is thereby determined . Lastly a comparison of theo-
retical and experi m ental results is made. No . 780490 , 16 pp, 3 fIgS , 11 tables

Key Words: Construction equipment, Noise generation

78-1392 In regards to const ruction equipment , there has been a rapid
Ms,ajasrensent of Acoustic Reflection From an Ob- Increase in the number of civil engineering projects under
sfnsct iun in a Pipe with Flow taken In urban areas over the last ten years. Thus , neces-
I I’ loli: ‘ to n  and W F Schmidt sltatlng further consideration of the pollution problem. Noise

and vibration pollution account for a high rate (34%) of
I l inrtt io so i i’ rr i .i:s iJiv , Dept. of Mech . ingry,, Stan- construction pollution. In regards to exhaust gas, counter-
.,trJ Univ - S l , it i f ~~riJ , CA 94305, J. Awust. SQL measures, different from those used against motor vehicles,

Arr is ’r - 63 (5), pp 145.5 )460 (May 1978) 5 fi gs , were put forth to protect the health of the w orkers. This
s .  r ’ f~ paper refers to current antl’pollut lon regu lations , user needs,

and countermeasures against noise and exhaust pollution ,
end aI,o include, future problems.

Key Wor d~ Acoust ic reflection , Ducts , Pipes (tubes)

An alti-rn ats v• to the im pedance tube method is proposed
In, rmwasumer rienit of acoustic refl ection coeffic ients. The new
,,rr- t hr ,d ii, ’ the advantage that ii may be used to measure 78-1395
lIr e mef!en .t,on and transmission coeffic ients for plane sou nd Reaponaea to Air.Cunditionung System Noise
way’ s irscident on an obstruction (orifice, nozzle , valve, N,W M Ko , W ,F Ho , and W K Un
elbo w , etc I in a long, straight , hard- walled duct In the Dept . of Mech . Engrg , Univ . of Hong Kong, Hong
Jire$l’rim i, nl flow throug h th. duct It employs th , time-
delayed cr os s correiat ion between an acoustic signal source Kong, J, Sound Vib., f~,/ (4), pp 595-602 (Apr 22 ,

~nd the output s iqnals from microphones located ahead 1978) 6 figs , S tables , 13 rets

34

_ _ _ _  _ _  - -  - -



Key Words: Air conditioning equipment , Noise gener ation , one su bstructure to another , then the structure becomes
Human response almost periodic, An efficient method using a perturbation

technique to derive the response of en almost periodic
A pilot study on the subjective responses of 200 Chinese structure Is presented . The undamped response of a periodic
to air- conditionin g system noise has been carried out. Cou- st ructure using a modal analysis technique is considered.
pled w ith th. acoustic measurements of the systems and of The method allows for arbitrary kwds and takes full ad-
th, background , the annoyance re sponse we, found to vantage of the periodic properties of the structu re, An
correlate well with the dif ference in th e source level and the attempt is made to simulate certain continuous systems by
intermittent background level and with an index similar to pe~-iodic structures.
the Noise Pollution Level. The arousal , however, did not
correlate as well with the above noise Indices.

RANDOM
(See No. 1427 i

78-13%
Surface Transportation Noiae - - The Role of the U.S.
Department of Transportation 78.1398
W.H . Close The Effect of Simultaneous Vib ration and Electro-
Off ice of Noise Abate m ent , U.S. Dept . of Trans- magnetic Radiation on Shielding by Conductive
portation , Washington . D.C., SAE Paper No. 780- (

~~~~~,,
383,8 pp C.H. Kuist

Chomerics , Inc ., Combined Environments Technol
Kay Words: Traffic noise , Noise reducti on ogy Interrelations: Proc. of the 24th Annual Tech .

Mtg . of the inst. of Environmental Sciences, Fort

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Worth , TX , pp 472-476 (Apr 18-20 , 1978) 4 tables

and co ntrol , Thi s paper outlines these roles through a dis-
cussion of the research , deve lopment , and demonstration Key Wo rda: Electromagnetic shielding, Elast omers , Vibra-
programs and accomplishments of the vat-iou , Departmental tion effects
org anizations , including: The Federal Highway Administra-
tion , the National Highway Traffic Safety Admini stration , Vibration induce s chan ges in conductive powder filled

the Federal Railroad Administration , the Urban Mass Trans- elastome ns. These changes result in decreased eftectiveness
po r tation Admini stration , the US. Coast Gua rd , and the of shie lding when gaskets are subjected to a combined
Office of the Secreta ry of Transportation , environment of vibration and electromagnetic radiation.

The experimental results reported here confirm earlier
studies in showing that th e shielding performance of smooth
spherica l filler gaskets is degraded more severely tha n that

PERIODIC of very rough surfaced Irregular shaped agglomerates.

78-1397 SEISMIC
Response of Periodic Structures (Also see No. 14551
R .C. Engeis
Ph .D. Thesis, Virginia Polytechnic Inst . and State
Un iv ., 177 pp (1977) 78.1399
UM 7808116 Significance of Sesisnic Response Spectrum Nor-

mal ization in Nuclear Power Plant Deãgn

Key Words: Periodic structures , Harmonic excitation , iS.  Dalal and P.R . Perumalswami
Perturbation theory , Modal analysis Structural Ana lysis Group. United Engineers and

Constructors , Inc .. 30 S. 1 7th St.. Philadelphia,
Periodic structure, are defined as Structures consisting of PA 19101 Nut-i Engr Des 47 (1) pp 145-156
Identica l substructures connected to each other in identical . 

. .

(May 1978) 7 fIgs , 3 tables , 11 refs
manner. The response of periodic stru ctures to harmonic
excitation is described by a matrix difference equation.
Finite periodic structures are considered for different typ es Key Words: Nuclear power plants , Se ismic design

of loadin g . The proble m of almo st periodic Structures is
con.lder.d. If the system parameters differ s lightly from Peak ground acceleretion has bean used most commonly

35

-



7 .

to nurm aiize seismic response spectra. Apparently, there is pointed out the need for early revision of the method which
a gener al consensus that this is not the best i arameter for ~in several instance s.. .pr od ict s a safe condition for dams
spectrum normalization. Several other parameters have been which are known to have had major slides. ’ This report
proposed, iuch as, peak acceleration - velocity - displace- presents a simplified procedure for the seismic design of small
meri t triad, peak velocity and sp ectrum intensity. Th is embankment ,. The method is an approximate one which
paper presents statistical studies of res ponse s pectre from a uses the concept . originally proposed by Newrnac k, for
number of recorded earth quake motions normalized by calculating permanent deformation ,, but it is based on an
several different parameters , evaluation of the dynamic response of the embankment

rather than rigid body behavior. The method is applied to
dams with heig hts in the range of 100 to 200 ft and con-
structed of compacted cohesive soils or very dense cohe sion-

78-144)0 less soils. Design curves on the besis of analyzed cases are
Modeling ol~ Slabs in Seissuic Analysis of Nuclear presented with an example problem. The method is an

Powe r Plant Build ings approximate one end involves simplifying assumptions.

P . R Peruni ,ii ~w a i i i  und iS.  Dalai
Structural Analysis Group, United Engineers arid
Curistructors , inc ., 30 S. 17th St.. Philadelphia , 78- 1402
PA 19101 , NucI . Engr . Des., 47 (1 ) . pp 135 143 Lo~ Angeles Reservoir is Safe from Earthquakes
(M~ ’ 19/8) 19 fiqs , 2 tables , 5 refs Civil Engrq (NY .), 48 (6), pp 88-89 (June 1978)

2 figs , 1 table
Key Words: Nuclear power plants , Seismic response, Mathe-
matical m odels Key Words: Earthquake resi stant Structures , Dams

Safety related nuclear powe r plant buildings are commonly Earth quake resistant design and construction of the Los
represented as lumped mass weightless elastic beam stick Ange les reservoir is described . It is impounded behind a new
models to determin e their dynamic behavior under seismic eart hf lll dam and provides much-needed regulato ry and
ground motions. Implicit in thi s analysis procedure is the emergency storage for water supply to Los Angeles. Dy-
assumpnon that the floor slabs are ri g id. This paper critically namic f inite element method analysis showed the dens can
eva l i :ates the slab f lex ibt li ti es in typical power plant build- withst and even the most severe earthquake and still retain
n’,js and pres ent s a practical approach to include these in the water behind it.
.ne se ismic analysis. Vertical as well as horiz ønta l earthquake
component s are considered. Results presented inclu de am-
plified floor response spectra f or equipment qualification
end design iorce s in floor ilabs and the supporting wells.

78-1403A satisfactory analysis proc~-dure would consist of tradition-
al stic k model analysis to obtain ove rall seismic responses , The Perfonnance of Earth Dams During Earthquakes
f orce imis tributi oti by static analysis using suitable methods H.B. Seed , F l .  Makdisi , and P. de Aiha
such as the finite element method and subsystem enalysis Earth quake Enqinecring Res Center , California
to evaim iate local amplifications , if necessary. Univ . Richmond , CA , Rept . No. UCB/EERC -77/20 ,

58 pp (Aug 1977)
PF3~276 821/6GA

78.3401
Key Words: Dams , Earthquake res ponseA Simplified Procedure for Estissating Earthquake-

Induced I)eforinations in Dams and Embanliments In the design of embankmen ts against earthquake; in eddi-
E .I. Makdisi and H.B . Seed tion to the proper use and understanding of the materia l
Iarth quai’ e Engrg. Res. Center , California Univ , prope rties and behavior during seismic loading, and in addi-
Richrtiond , (.A , Rept No. ucB/E ERc-77/ 19 , ~~ 

tion to the proper use of analytical procedures to estimate
the dyn amic response , considerable insig ht and judgment are

( Aug 1977 ) required. This can only be gained through an intimate know-
PB- 276 820/8GA ledge of the strengths and limitations of the analysis and

testing proc edur e, themselves , and by study ing the behavior
Key Word s : Dams, Ea rthquake response of similar embenkments during actual earth quake loadi ng

condit Ions . The purpose of this report is to summarize
The inadequac y of the pseudo- static approac h recommended available information concerning the behavior of dame
by she International Committee on Large Darns, to predi ct subjected to strong earthquak e shaking. The report Is in-
the behavior of low embankment; during earthquake s has tended to complement en Initial review by Ambra seys
been clearly recognized and demonstrated. The committee (1960) by presenting further details concerning embankment

:36

—--.

~ 

--. ~~~~~~~~~~~~~~~~~~~



U-. . .

construc tion -naterials and procedures and performance 78-141)4
record s iii earthquakes duri ri~ the past 17 years. The sal ient A Summary of Ship Deck Motion Dynamics as
f eatures of observed embankment performance are sum- Applied to VSTOL Aircraft
marmz ed , mainly tar six major earthquakes . and ‘~onc lusions

A. E . baiti sare dra w ,i which may aid the design engineer in making more
meaning ful evaluations of the data provid ed by analytical Naval Postgraduate School , Monteiuy, CA , In . Proc.
design ptocedures. of the Navy /NASA VSTOL Flying Qualities , pp 407-

460 (Aug 1977 1
N78 19116

78.14(11
.\ Practical Soil Story Earthquake Isolation S)’MtSIIS Key Words: Ships, Aircraft . Landing, Impact shoc k

J M . ~. ‘ll y, .J .M. Lidinqer , and C.J. Derhatn Ship deck motions are considered n terms of the landin g/
Fart hqi i~~: riqrg Res. Cetiter , Cahfornia UnIv . ,  takeoff of V/STO L aircraft from small ships. Fluctuations
Hvhr ro r t l , A , Rept. No. UCB/EERC-77 /27 , 150 pp in the air turbulence shed by the ship ’s superstructures .
IJi,v 197/) wind direction and velocity, and wind turbulence loads on

(-‘K 7 / 6  t314/1GA the aircr aft are among the factors discussed . Roll stabiliza-
tion using antiro l l tanks , f ins , and rudders is covered .

Key Words: Earthquake resistant structures , Energy ab-
sorptmort , Rubber , Iso lator s

78-1407
This repo rt describes the experimental and analytical results On Impactor Synthesis
of a praciica l earthquake isolation system . The experimental
work was carried out using a 20 ton three -story single-bay B. Lundberg and M. Lesser
momen t -resistant steel frame structure on the 20 by 20 Dept. of Mech . Engry., Univ . of Lulea , S-95187 ,
too t shaking table at the Earthquake Engineering Research Luiea , Sweden, J. Sound Vib. , 58 ( 1), pp 5-14 (May
Center em the University of California , Berkeley. The soft 8 , 1978) 5 figs , 9 rots
story isolation system is composed of elastic natural rubb er
bearings and a highly nonlinear energy- absorbing device , all
placed beneath the base floor of the model structure , The Key Words ; Structural synthesis , Impact res ponse (mechani ’

cal)bear irigs allow for lateral movement of the base of the model
m u d are d~siyned so that no adverse column P-delta effects
can occ um The energy-a bsorbing devices act as highly ef- A method for synthesizing non-uniform , linearl y ela stic im-

f icient dampers , ar mrl are based upon the t wo-way plastic pactor e which generate given impact forces on gi ven targets

torsion of steal bars. For smaller earthquakes , the structure is pre sented . The mmpactor s are assumed to obey Webster ’s

behaves as with .i rig id foundation equation , and the targets are assumed to be linear with
t ime-invariant propertie s . The method is illustrated by so lvir ,g
two synthes is problems concerned with the generation of
exponential and ramp impact loads. The results are ve rified

78- I i05 by solving the corre sponding analysis problems.

I(umbb er Spnngmt Reduce E art hquake Forces
Noi~,i- Co r it r’ .>l Vib. isolation , 9 (4), p 146 (Apr
l h/ H )2 f iq ’, 78- 1408

Response of Equipment to Aircraft Impact
Key Words: Seismic design , Buildings , Springs (elastic), J .P Wolf , KM.  Bucher , and P.E . Skriker ud
E las t omer s E iectrowatt Engrg. Services, Ltd., Beilerivestrasse

36, P.O. Box 8022 , Zurich , Switzerland , Nod . Engr
A n ew protective system , which for some structures can
rpduce the forces exp erienced during an earthquake by a Des., 47 ( 1), pp 69 193 (May 1978) 44 figs , 2 tables ,
I.,,:tor of 10 , ann ounced by a group of scientists f rom the 13 ref S
University of California ;nd the Malaysian Rubber Producers ’
Hp- ,earch A ssociation is described . Key Words: Nuclear power plants , Shock-resistant design ,

Crash research (aircraft )

After discussing the state of the art of the development of
equivalent force-time relationship ; for aircraft Impact , the

SHOCK results of the so-ca l led Riera model and of a lump ed~mass
lA lso see Not. 143’) , 1473 , 1 514) model are compared for rigid and detormab le targ ets. The
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importance of adequate modeling ot structures to enable the (2 15 miles).
calculation of response spectra also in the high-frequency
range is demonstrated using a typical reactor shield building
and a reactor au a i l i ary building. For an adequate model ,
the influence of the aircraft-structure interaction , of the TRANSPORTATION
materiel interaction , of the material nonlinearly, of the (See N;.~ 1 3’ 36)
dam ping and of the mass on the respotise of equipment is
examined

PHENOMENOLOGY
78-1409
Volkewa~ess’s Passi ve Seat Belt/Knee Bolater Re-
gtramt , VWRA — A PreIisn~nary Field Perfon niassee DAMPING
Evaluation -- Progress Repo rt .

~~
... Ni., 4 / / i

SR  Mtlln r , U.W ~.em ff :i’t , .11 1 .j .D . ‘,lati~,
ii Ii ,u t ’id I j i .v , ‘Ju lk ’~.v uij’ :r isv : i  I , (.. , ~Ir~Ii .

~i:t 1~~~11/ 1’,). F’ ,i; i~r No. /H (j 4~ h, 16 i i .  23 78 —1411
t,ihIi:’,, 3 r i ; ) ,  An Introdut-tion to the Probken of Dynam ic Struc-

tura.1 l)atnping
Key Words. Safety restraint systems , ~ollismo n research P ~,jn ti ni , A Casu’il.iri , an ’) A Nap~ i
(automr ittve ) AGA R[J , ~eui lly- ’ ,.ir Sc ir i: , Fr,mn i .i:, Hi’1it Ni,

- - . AGARLi H l .l >~i , 21 pp(Jan 19/8)This paper describes results of the field accident performance
of the VW Passive Restraint System IVWRA) inst el lea in AU A050 219/N 1-.
Ra bbit vehicles operating on U.S. highways. The historical
developm ent of the VWRA as an outgrowth of VW’s research Ke~’ Words : Structural mem bers , Damping
arid development programs is detailed for perspective. To act
as a baseline , dynamic sled and full-scale bfl r n i ei crash test-  Shme of the major topics iii the area of dynamic dam ping
ing with instrumented surrogates using she VWRA ate pre are described A list of typin .al problems where damping is
aented . The primary portion of the paper deals with col of primary importance is listed. Typical structural corn-
acted and ca lculated data f rom VW s field investigations ponent s are considered , end a brief account on the effect

which have been in progress over the last two years. of mat e rial s is given. Mathematicai models and intermodal
coupling is also e ,amined , and the extreme diff iculty to have
reasonably accurate information fr om them is emphasized.
Possible phiiusopf ’ e s  r ,f ground tests and flight tests are
discussed .

78. 14 10
Statistic a of Amp litude and Spectrum of Blasts
Propatatmrd in the Atnsoa phere FLUID
P D. ‘, F oc iii :r H J ( f t . ,i r ’ l  I M . Litt le lAlvi . -‘  N,s 1460 , 1 485)
[ hi: Cc,r ’,tr ,i i ,ni Enyry ))i :’ , L .ih Ch.i’~~iiiiqn , I L
61820 , J Ac ’ ,ii~r ‘

~ 1 ,~, ,4i,~’r ~ P4 ,
~

144 (M,,y 19/8 1 lh f igs , I td li l mn ’,, K r e t  78—1 4 12
A I niversal Strouhal Num ber for the ‘Lock ing-On’

Key Word ; Shoc k wave ir ,i .mn~at ,i . Statistica l analy sis of Vortex Shc.dding to the Vibrat ions of Bluff Cy-
linders

This m,aper ij escn ibes nh~ n.eds ur e ‘i n and a a ly sis of ,,orn 0 M (jr I i n ,
11 .000 blast record in gs Their isis a s  used to j i’ ,. i r ~i,

- (J <.i:arn tech Div., Naval Resr’ra~r Ldb - Washington ,a statistical ba se I,, blast propagation a’ .l to establish one-
thsimi octave spectra i i,, these bissI~ These results car then D.C. 1’ ~ / ‘ , I. F id Mirr.h , 85 ( M. ,‘i ’ 59) hiTh
f.. used to predict co mn r . , ,  i i  blaat nois, levals. The blasts 11978) 8 I ;:3 , 3 talK i’ . , 2 4  r u t ’ ,
ate divided into ‘ at Pr~~r broad smpii•uit. groupings and
is sh’,wni tha t received blast ip~ Ira are ‘l’iio~n. “r n ‘il i on
grouping a’ - ‘I i’ t on absoiute p0cm’ amplit ude or distance Key Words: Cylinders , Flui d-Induced excitation
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This paper presents a r,,i,’i,’; for a u.-,;-,irrsa t wake St r ouh.& ~f th. an al ys is o t rirasuic- r i- is on ~ll r o t ,  - i tai ig
number , valid in the subcritica l mer ge of Reynolds numbers , ‘s eci r ci , train s he IVst.rtn pert,,irnt eu 0 5 i  i
far both forced and vortex-excited osc iflat ior .~ in (lie locking fifing, up-dating and preg- it,’-’)n chores i’~~ ir
on regime. The Strouhel numbers thus obtained are con- for other tasks. The sy 5,’ in r d5 a f i~i; ‘ ir’ .,- ,,it ‘imagnos. ’ i
slant over the ran;qi~ of wake Reynolds numbers A cor re- t eetu re , s~~’,c h ,. ~~~ ..‘stmn ,- ‘ .msl y mn, - . n , ’ed - - ea’
spondence bet ween the am plification of the cylinder base the syst em s P,i- elti’i ’. r sserst ’ a li~ mmls”~n.’ir.g raise ..,- i n  - do—

pressure , drag and vortex circulation is demonstr ated ~ver - . “~ malfunctions i.. - .~r I a,lurei
a wide range of frequencies and for vibration amplitudes
up so a full cylinder diameter lpea k to peak).

78-1415
Safeguard ing the Health of Madsiiiery : PIa,1i Cuss-

EXPERIMENTATION ditio n Monitoring its a Cheissacal Work s
E L  Hipk m n arid A. Hi:rrriann
Albright ~ Wi lson , Ltd , n I j ism - fli., in t im j ) V Ib Iso (

~
tion , 9 (4), pp 127 - 219 (Apr 1918) 1 1g .  2 ~dL)i:,

DIAGNOSTICS
(Also see No. 1387) Key Words: Diagnostic technique s

Three techniques of machinem-’ij health monitoring in di mm, .cs i

78-1413 industry are discussed . They are ultrasonic corr os ion monm-

A Review of Mechanical Signature Analysis torin g of pipe work and vessels; contamination anal , ~- ‘ of

R H ~ 
lubricating oils; and vibration monitoring and anal~- - o in rotating and reciprocating mac hi nes . Other techniques

Naval Research Lab. , Washington , D C , 20375, thermography, acoustic emission and ultrasonic flaw de ec-
Combined Environrrierits Technology InterrelatIons. tion amongst them - are avail able for more specialized needs.
Proc . of the 24th Annual Tech . Mtg. of the Inst .
of Environmental Sciences , Fort Worth , TX , pp 357-
352 (Apr 18-20 , 1978) 62 re fs

78-1416
- - - . A Practical Vibration Primer. Part 8 - Vib rat ionKey Words: Review s , Vibration signatures , Standards and

codes , Measuring instruments , Data processing, Bearings , Severity
Gears C. Jackson

Monsanto Chemica l Intermed iate Co., Texas City,
The literature on the use of vibration signatures for mon i- IX , Hydrocarbon Processing, 57 (4) , pp 209-215
b ring the condition of machinery and its components is (Apr 1978) 15 figs , 5 r efs  

—

reviewed. The literature discussed f alls under the following
topics: criteria and standards , instruments and measurements ,
data processing, bearings and gears, turbomachinery. vehicles , Key Words: Vibration severity, Diagnostic techniques,
quality assurance , and field experience. Balancing techniques

The author describes a number of vibration severity chart s
including their applica t ions and limitations. In some detail ,

78-1414 he discusses gearing vibrations and their moni toring , The
Computer-Managed Monitoring of Plant Machinery - article closes with a discussion of a balancing severity concept

Part I and 2 and a method for the calculation of residual unbalance.

J . Boiich
Diqitu I Systerris ~r ~ up,  ~ t: _ tr al Dynarrtics Corp.,
Noise Control Vib. Nialysis , 9 (3), pp 99-101 (Mar 78-14~ 7
1978) 5 fiT , a r m )  9 (4), pp 137-142 (Apr 1978) Prototype of Bispectral Passive Imaging Systems
S figs , 2 ref s Aiming Machine-System Diagnosis

T . Sam, V . Sasaki , and M. Noriaka
Key Word s Diagnostic techniques , Computer aided tech- Fam :ulty of Science and Engrg., Tokyo Inst. of Tech .,
niques 4259 Naqatsuda , Midori-ku , Yokohama-shi , Japan ,

- - J . Acoust . So. Amer ., 63 (5), pp 1611-161 6 (MayA comput er-managed pl ant monitoring system is described.
Its primary feature is conamstent and continuous monitoring 1978) 8 figs , 1 table , 7 rets
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Key W i,rd t Diisg rius t.c techniques , Mic hmnery, 1,.st  equip Key Word i : Shakers , Algorithms , Simulation
nient

A control algorithm for reproducing a desired acceleration
A p rototype of bispim tra l passive imag ing system der ,gne(1 time history by sing le ec~dat o r shaking tables is der*loped.
is,i m~ d ieg-s osi s of machine sy s te ms from their noises It is shown that the actuator contro l may be specif,iid in
is pre se nted The principle is gener a liz ed aim ing machine- dependent of the test specimens. Some simulation studies
system dia gn osis and the concrete construction of scanner are cac ried ou t to test the effectiveness of the algorithm and
of a microphone and the details of the signal proceuinga to compare th u method with another currentl y used math-
as we ll as the obtained images are shown . Typical charac - od.
,e n is t ics of the system are as follows: images to be recon-
structed , spatial distribution of the degree of interference
among three frequency components or spatial distribution
of intensity of noise emitted from the object; maximum
imeolut io r, ; time required to obtain one image , from 30 to

78-142090 nun depending on the number of sampling points; dis-
play of rcs ult , print out on a typewriter or colored display A Central Switching System for V ibration Test
on a TV mo u ’ it Or. l’quipment

J. L. Frye
Ling Electronics , Inc ., Combined Environments

78-1418 Technology Interrelations: Proc . of the 24th Annual

Diagnostic System Requir ement s for Helicopter inch . Mtg. of the Inst . of Environmental Sciences ,

Propulsion Systems Fort Worth , TX , pp 82-87 (Apr 18-20 , 1978) 6 figs

J A. Murphy
Bell Helicopter Textron , Fort Worth , TX , J. Air  Key Words: Test equ ipment , Vibration tests , Control equip-

craft , 15 (6), pp 333-338 (June 1978) 3 figs , 4 tables , ment

6 ref s Maximum utilization of the vibration test equipment in a
facility is possible by the addItion of a properly designed

Key Words: Hel icopters , Diagnostic techni ques switchIng system . Th is paper discusses the advantages of
adding a switching system to a facility and outlines the design

Au tomatic diagnostic systems have proven effective in criteria required , Inter locking and safety provisions are
reducing accidents , maintenance cost s, and operating costs discussed . Several complex systems are presently is opera-
associated with turbine po wered equipment. Current diag - ti o n. One such system is presented in block diagram form .
nostic appli cations are generally limited to large aircraft
and stationary power plants due to high initial cost. A
need exists for a simple i ,)w .cos t di agnostic system for
general aviation category aircraft. This is es pecially true for
helico pters due to their complex propulsion system s and 78-1421
fr equent deployment with minimal crew int o remote loca-
ti ons. Recent advances in electronic technology make such An Approac ls to Multi-Shaker CERT Testing Uing
a system feasible; howeve r , the system must be carefully Digital Control
tailored t o the requirements of the user. One such set of E.A. Andress
general raquirementa is presented , t ogether with supporting Spectral Dynamics Corp., Sari Diego , CA , Combined
ration ale , from the viewpoint of a helicopter manufacturer , Environments lc’chnology Interrelations: Proc . of the
A conceptual di agnostic system design which meets these 24th Annual Tech . Mtg. of the Inst. of Environmentalrequirements in included.

Science s , Fort Worth , TX , pp 348-351 (Apr 18-20,
1978) 7 figs , 2 tables

EQUIPMENT Key Word s: Test equipmen t , Vibration tests , Control equ ip-
ment

An approach is available to the testing Industry which pm ’j -
78- 1419 v ldes most of the desirable performance capabiliti es of

Control of a Single-Actuator Shaking Table modern digi tal control systems for multi-station shaker con-
trol. Costs per station are close to those of manual systemsS. Abedi- Hayat i and D. Auslander thus pro viding a cost effective method of meeting corn-

Arya Mehr Univ . of Tech ., Tehrar t , Iran , ASML binad environmen t reliabil ity testing requirements for hIgh
Paper No. 77-WA/Aut 11 voluma teat throughout.
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78-1422 Key Word s : Teat equipment , Shock tests , Control equip-

Multi ple Shaker Random Control with Cross Cou-
P Thit paper discusses those characteristics of control system s,
DO. Smallwood power amplifiers , and shakers that determine the maximum
SandIa Laboratories , Alij iiquerqu’v , NM 8 7 1 1 0 , performance obt ainable with a g ive n system for shock time
Combined Environtner its Technoluijy Intetrelation s history and shock spectrum testing. Analog and digital

Proc of the 24th Annual Tech . Mtij. of the Inst. of pulse synthesis methods are described, along with such

Environmental Sciencu s, Fort Worth , TX , pp 341 factors as wavelet types , pulse dur ations , respo nse/input
acceleration ratios , etc. Solid state power amplifiers are

347 (Apr 18-20 , 1978)9 figs , 9 rets compared to previous vacuum tube versions with respect
to transient performance factors such as pea k instantaneous

Key Words: Test equipment , Vibration tests , Control equip- voltage and current , safe operating area , etc. Shaker charac-
ment te ristics such as peak stroke , maximum allo wable terminal

velocity, maximum acceleration , power require mants and

Th. report develops an algorithm for a multiple shaker ran - bandwidth are discussed . A sys tem shock performance rating
dom vi bration control system. The method allows for cross- method us presented which includes the above factors as
coupled mechanical systems with partially coherent inputs , well as test item mesa and impedance matching require-
The method also includes time domain randomization of ments.
the drive si gnals to provide a true random control syste m
output-

78-1425
Pulse A pp lications and Paranseter Identification for

78-1423 LS. Navy Medium-Wei ght Shock Machine

Multi power Amplifier Ut ilizat ion for Pyroshoc.k F 8 ~af ford
Simulat ion on an Electro Dynamic Exciter Aij I~~biij n Assnciat’:~. El Oegundu , CA , Rept . No.

C. R Yorio and GM Lester N H L  MR 300 1, AL) 1 000 I)h ~, 40 Pt) (Nov 1977)
The Perkin-E lt ner Corp.. Combined Lriv irurirrients AU A050 1 20/5GA
TechnGiogy interrelations: Proc. of the 24th Annual
Tech Mtq of the Inst . of Environri nittal Sciences , Kay Words. Shock tests , Teat equipment , Pulse excitation ,

Fort Worth , TX . pp 3/7 379 (Apr 18-20 , 19/8) Parameter identification technique

3 figs , 4 refs The scope of this study covers the follo wing two obiectuves:
Provide the design f or a mechanical-forc, pulse generator .

Key Words: Test equipment , Vibration tests specify associated hydraul ic power Unit and controls , and
provide pui3a-train Prof iles end mandrels; a d  perform an

This paper describes the amplifier modifications , switching exploratory parametric identification study )f the U.S.
techniques and preliminary teat results of using one , two and Navy medium-weight shock machine , tA ct art icle, and im-
four power amplifiers wired in series /parallel configurations pact loads using NRL-furnish ed data.
to increase the force capabilities of a single exciter shock
setup. System switching block diagrams , schematics and
power amplifier modifications and configurations are pre-
sented for a MB Electronics C.150 excuter/4450 amplifier FAC ILITIE S
system .

0
78-1426
Acoust ic Environment Testing

78-1424 W Tu ,t i n
Shock Performance Factors of a Digitall y Controlled Tustin Inst . ~f Fech - Inc., Santa Barbara , CA , S/V ,
Shaker/Amp lifier System Spind Vib., 12 (4 1, pp 24 27 (Apr 1978) 3 figs ,
F .M Ti l(ou 23 refs
Ling Electronics , Inc ., Com bined L nvironrnents
Tet.hnoloqy Interrelations Proc. of the 24th Annual Key Words: Test f acilities . Acoustic tests . Equipm ent
Tei .h Mtri. of the Inst of Envit ’j nmnentai Sciences , response , Airborne equipment response

Fort Worth , TX , P1) 333-340 (Apr 18 - 20, 1978)
6 figs , 4 refs The hazard of intense noise as it adversely aff cts equip-
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ment aboard missiles and aricraft , as well as the vehicles K S . Aravattiuclan , A. I ia’ , arid W.L Harr is
themselves , us examined. Intense noise us s imualted in special- Dept. of Aeronaut ics and Astronautics , Massachu-
iy equipped laboratories. Test s pecifications are referenced suns Inst . of Tech ., Camnbridqi , MA 02139 , J. Soundand a few test systems are described.

ViP , 57 (4) , pp 555570 (Apr 22 , 1978) 15 figs ,
15 ri:fs
Sponsored by the U.S. Arrriy Res. Off ice and NASA

78-1427
Quasi-Randosis Vibration E ffects on Enclosure Key Words: Scaling, Helicopter rotors , Noise generation
Electromagnetic Ratliation Shielding Effectiveness
D H ~,irno ns at id A.L ~~~~~ A simplified Mach number scaling law is obtained for rot a-
Htiq f i es Air . ua l t  Cu , Culver Ci t y,  CA , Combined tional and high frequency broadband noise from helicopter

rotors. These scaling laws are based on geometric parametersEnvironnii ’nts Technulixjy lnterri l,~tions Proc . of the
of the rotor. A comp arison of the pea k fr equency locati on24th Annual Fech M tj  of the Inst. of Environmental of high frequency broedband noise for full scale rotors

Sciences , Fort Worth , IX , pp 455 465 (Apr 18-20 . obtained by Leverton was made, with the predicted St rouhal
19)8) 6 f igs . 3 ref s frequency parameter being used, and the agreement was

found to be highly favorable.

Key Words: Enclosures , Electromagnetic shielding, Elec-
tronic instrumentation , Vibratio n effects

A quasirandom vibration facility was designed to t est if the TECHNIQUES
electromagnetic shielding eff ectiveness of an enclosure of lA lso see Nijs 138 7 , 1 500)
an electronic syStem is degraded by vibration. The paper
discusses malor test facility components , test performance ,
arid test results.

78-1430
Shock-Wave Impedance Match at Low Pressures

INSTRUMENTATION M. Avinor , Z Rosenberg , and V . Oved
Mirt istry of Defence ADA , P.O. Box 2250, Haifa ,
Israel , J. Phys E . (Sc). lnstr .), ii (4 ) , PP 300- 30 1

78-1428 (1978) 6 figs , 2 refs

An Introduct io n to the Measurement of Equivalent
Continuou s Noise Levels i~~ 

Key Words: Shock wave propagation, Measurement tech-
niqueH . Norgan

Computer Enqineering, Ltd., Noise Control Vib. A new method has been developed for precision shock-wave
isolation ,9 (4), Pt ) 143-145 (Apr 1978) 3 hgs Impedance match at low pressures. The method consists of

sending a diverging, spherical shock front through a stac k
of metal plates sepa rated by tn in layers of insulation. TheKey Words: Noise measurement , Measuring instruments ,

Sound level meters successive electrica l shorts measure the shoc k - wave ve loc i ty
and decay. By making the stack of two different matarials
the shock-wave velocity can be extrap o lated f io m eachCharacteristics and operation of equivalent continuous

noise level (Leq) meters are described . They are much more side to the interface to give precise values for use in im-
complicated than the normal sound level meter and are pedanca matching .

consequently more expansi ve , but they do measure Lag
accurately and easily under any conditi ons.

78-1431
Protect ion of the Test Art icle in the Vib rat ion

SCALING AND MODELING Laboratory
(Also seer Nn 1514) F A. Bdriett

Ling Elet tronics , Inc ., Combined Environments
Technology Interrelations Po t  of the 24th Annual

78-1429 Tei:h Mt 1 of the Inst of Environrtiental Sciont:es ,
A Simplified Mach Number Scaling Law for Heb- Fort W orth , TX , pp 363-3f i/ (Apr 18 20 , 1978)
copter Rotor Noise 6 figs
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Kay Words: Vibration tests , Tasting techniques plifier
F R . Barlett

Simulation of the vibration environment In the laboratory Ling Electron Ics , Inc., Combined EnvironmentsInvolv es subjecting the teat art icle to a predetermined test
profile while monitoring It s performance either actIvely Technology Interrelations Proc . of th~ 24th Annual
or passIvely. A valid test req uires that the teat artIcl e Is Tech . Mtg. of the Inst. of Environmental Sciences,
neither und.rteated or overteste d. This paper reviews the Fort Worth , TX , pp 372 376 (Apr 18-20 , 1978)
nature of th, potential hazard s and emphasizes the use of 6 f igs , 5 tables , 3 refs
simpla basic safety techniques.

Kay Words: Vibration test s , Acoustic tests , Tasting tech-
niques

78-1432
The Perils and Pitfalls of Low-Cost Vibration Al- This paper examines the idvanta gee and disadvantages of

a mult ichannel amplifier as used In a vibration or acoustic
ternatives Practical Experience with Pneumatic facility. Th. compromises arrived at in one case are pra-
Exciter . for Production Screening sented .
H. Caruso
Westinghouse Electric Curp , Combined Environ-
ment s Technology Interrelations: Proc . of the 24th 78-1 435
Annual lech . Mtg . of the Inst. of Environmental Feasibility of Uws g Coup led Reverberant Chambers
Sciences, Fort Worth , IX , pp 66-69 (Apr 18-20 , for Measurement of Sound Power
1978) 5 refs Y .F . Hwang

Vought Corp., Dallas , TX , CombIned E nvironm ents
Key Words: Testing techniques , Pneumatic tools , Electronic Technology lnterre latmuiis l’ri, . of the 24th Annual
instrumentation

Tech , Mtg. of t he Inst. of Enviroritt iental Sciences,
The paper summarize , essentiaf conditions and consider .’ Fort Worth , TX , pp 368 371 (Apr 18 20 , 1978)
ti ons in the applic ation of pneumatic vibrators to the in- 2 figs , 14 refs
line evaluation of electronic equipment.

Kay Words: Sound measurement , Measurement tecf -.nique a

78-1433 The use of two adjacent rooms coupled with an open window
for sound power measurement is presented. The method is

Analog Tape Microsa.npling for 24-h our Noiae focu sed on the best utilization of moving sound diffusers ,
Source Identif icatio ss and Analy sis and thereby reducing the difficulties encountered in the
H . Watso n, Jr. arid A M . Sheikh measur ement of sound sources with low discrete-frequency

Southern Methodist Univ ., Combined Environments Components.

Technology Interrelations Proc of the 24th Annual
Tech . Mtg. of the Inst . of Environmental Sciences ,
Fort Worth , TX , pp 398-402 (Apr 1820 , 1978) COMPONENTS
5 tables

Key Words: Measurement techniques, Noise sou rce idan t if i-
cation , Equivalent sound levels , Aircraft noise SHA FTS
In this research ptogram , microsam p ing methods t o be
used for source identification and noise level statistic s were
inve.tlgetad, Th. results of a study of arucraft/a irport noise 781436
are illustrated . There is no universa l microsamp ling method Contributions from a Stud y of the Dynamics offor all aourc e environments , however , the Dem and-Period ic
and Demand-Random methods have proved to be the best Rotating Straight Shafts of Changing Noncircu lar
overall for all methods and sources studied . Cross Sections (Contr ibution A L’Etud e Dynamique

Dee Arbrea lImits a Section Non Circulaire Charges
Par Un Rotor en Leur Milieu)

78-1434 A. Ripianu

A 24 Channel Acoust ic/Vibration Teat Power Am- lnstitut Polytechnique de Clu1 Napuca, J. de Me
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cali iqtum ’ AppI , (4) ,  pp h37 ‘ , . 3  (1977) 11 f igs , the correctness of curr ently accepted modeling criteria ~~
1 refs bean explicitly demonstrated.

I n  Fren ch)

Key Words: Shafts , Variable cro ss section 78-1439
Free Vibration Analysis of Cool ing Towers withThis pape r describes work on the influen ce of external Column Supportsresis ting forces and internal friction forces on the move-

ment of straigh t rotating shafts with internal nonc i rcu ler A L .  Nelson and D.L.  Thom as
cross sections. Central Electricity Res Lafm ., Leatheuf cal  K ( 22

7SE , UK , J. Sound V ib., 67 ( 1),  pp 149 - 1S~ (Mai d .
1978) 1 fi g, 9 refs

78-1437
Frequency Analysis of Multi-S pan Shafts Key Words: Cooling towers , Towers , Free vibration . Finite

element technique , Resonan t frequenciesS. Mahaf inçjamn
Dept of Mech . Engrg.. fi rmiv . ol SrI Lanka, Pera- A cooling tower with colu m n support s is a rotationally
deniya , Sri Lanka , J . Sourmd Vib ., 57 (4), pp 515- perIodic structure. This property has been used to develop
522 (Apr 22, 1978) 5 figs , 1 table , 10 ref s a finite element technique to analyze the free vibration of

such structures while explIcitly including the effects of
column support s. The resonant frequencies m d  mode sh apesKey Words: Shafts , Critical speeds, Resonant frequencies , of a model cooling tower have been meesur ed .Natural frequencies

Some basic properties of receptence funct ions are employ ed
to determine the st ationary values of the critical frequencies 78-1 $10
of a multi- span shaft in which the position of one of the
bearings can be varied, Details are given of the determination Moving Harmonic Load on an Elastically Supported
of the maximum and minimum values of the first two critical Tunoalsenko Beam
frequencies. The theory is then extended to obtain the S. Chonan
spacing of the intermediate supp orts for the first critical Z Angew. Math . Mech ., 58 (9), pp 9 15 (Jan 19/8)
to be a maximum . The method is also employed to dater- 10 figs , 10 tefs
mine the maximum fundament al frequency of a beam or
shaft having a freely articulating internal joint of variable
position. Key Wo rds: Beams , Elastic foundations , Moving loads ,

Timos henko theory

An analysis Is made of the problem of vibr ations of a beam
BEAMS, STR INGS, RODS. BARS on elast ic founda t ion , when the beam is of infinite length

and is subjected to an alternating load which m oves with
constant velocity along the beam. The solution is presented
within the framework of a beam theory which includes the

78 1438 effects of shear deformation and rotary inertia. Critical
The Modal Propertiea of Model and Full Scale Cool- characterist ic parameters of the system are defined . An
ing Towers example Is provided where the displacement and the bend-
P.E Winney ing moment are calculated . From the relul ts of theoretical

analysIs , It becomes evident that the frequency of the loadCentral Electricity Res. Laboratories , Leatherhead 
has considerable effect upon the dynamic behavior of the

KT22 7SE . UK , J. Sound Vib ., 
~.7 ( 1), pp 131-138 system .

(Mar 8. 1978) 14 figs , 3 tables , 15 refs

Key Words: Cooling to w ers , Towers , Wind-Induced exc ite-
floss, Resonanc, tests , Mode shapes

Finite Space-Time Element Technique for the Cal-
Resonance tests have been carried out Ofl a model and full culation of Deflectiona of a Beam Caused by a
scale cooling tower. The object of the teats was to deter- Series of Moving h onda (Zur Berechnung von [lurch-
mIni the reson ant frequencies, mode shapes and associated 

~~~~ elate BaUiena unter Folgen von W andern-damping ratios of the wind shield end legs, The tests have 
den hasten mit Fimten Raum.~

1
~eit.Ele,ssentess)produced data which have been used to check the validity

of a theoretical method of assessing dynamic response. and H. Malsch
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Letir st t ihl t~~~,ti - Ii ii I c A  i~ l cits li:hre , T . IJ - Braun mental natural fr equencies under specified total mast is
sc hwmii , Porkmtls ~trasse 4, 0-3300 Braunschweig, presented in th is report , Many nume rical results are demon-

strated and discussed in detail.\Nest ( ~m’ n r i ia r my , lrnj f~~c h  - 47 (2) , pp 105-115
1978) 15 figs , 3 tables , 7 mcI ,

(fr i Gerr i ari)
78.1444
The Large Amplitude Vib ration of Tapered ClampedKey Words Beams, Moving loads , Finite elemen t technique
Beansa

The discreti zetion of space and time leads to an app rox i- G. Prathap and T K . Varadan
mati on for the deflections of a beam under sequences of Dept. 1)1 Aeronautu.,l Lnqrg., Indian Inst ~f Tech .,
moving loads. It is shown that simplifications of the methe- Madras 600036, India , 3 Sound Vib , 58 ( 1), pp
metical equation for analytical approximations are possible ‘ -

87-94 (May 8, 1978) 5 figs , 5 tables , 12 reisonly under certain restrictions ,

Key Words: Beams, Variable cross section, Free vibration

The large amplitude free vibrations of a beam with immov-
78-1442 able clamped ends with actual nonlinear equilibrium aqua-
Finite Elements for Vibration Analysis of a Beam tion s (i,d~ specif ication of loads in terms of the deformed
0. Budi.hamoentori q configuration), exact nonlinear expression for curvature, and

Ph .D. Thesis , The Pennsylvania State Univ., 193 pp no assumption made on axial force have been determined by

(1977) a simple numerically exact successive integration and iterative
technique. By application of this technique , together w ith

UM 7808333 the definition of an eigenva lue-l ike quanti ty arising from
certain definitions of the time function , results have been

Key Words: Beams . Bernoulli-Euler method , Vibr ation produced showing the dependence of the hardening effect of
response, Finite element technique nonlinearity on amplitude of vibration , for selected values of

several parameters such as taper ratio , slenderness ratio ,
Two different approaches are suggested for the improvement and axial force .
of the accuracy of the finite element representation for
dynamic analysis of a Bernoulli-Euler beam in the hig h fre-
quency range . First , the concept of a generalized coordinate
is used to generate a non-consistent , non-diagonal mass 78-1445
matrix, The non-consistent mass matrix is based on a qua- Jn-Phjse Vibrations of Curved Bas e
dretic displacement function, The generalized coordinate ; K Suzuki , S. Takahashi , and H lshiyarno
o f the quadratic displacement function are evaluated after Faculty of Engrq . Yamm iaqata Univ , Yorme,awa , Japan ,the unkn own con stants in the displacement function are

Bull . JSME ,21 (154),pp 618-627 (Apr 1978) 186g..chosen, The seco nd approach is based on a mechan ical
impedance concept. 3 tables , 4 ref s

Key Words: Curved beams, Bars , Natural fr equencies ,
Mode shapes , Bound ary condition effects

78- 1443
Opt imum l)esign of Structures with Regard to Their The in-plane tree vibr ations of curved bars with constant
Vibrational Characteristic (4th Report. Type I. Li-oh- cross section, of which cente r lines are some plane curves
(ems of Beams Subjected to Axial Forcee) are investigated by neglecting the rotato ry inertia and the

shear def ormation. A rigorous method for solving the aqua-H. Yatnak awa , M. Ar riani , M. Kunihiro , and K . Kawa- ti o ns of motion is presented. As numerical examples , the
shima frequencies and the mode shapes are shown in graphs for
School of SCIOrH I: and Enqrg., Waseda Univ ., Shin - symmetric arc bars with clamped ends having the center
ju kij ku , Tokyo , Japan , Bull -JSME , 21 (154), pp lines in the form of sine , catenery , hyperbola , parabola ,
637 643 (A1it 1978) 17 figs , 1 table , 3 rots cyc loid and for an asymmetric elliptic arc bar with both

ends clamped.

Key Words: Beams . Axial ex citation Optimization

Buckling problems of beams subjected to axial forces and 78-1446
columns with regard t o their own weight are emphasized , A pp lication of Optimization Methods to Vibrat ionA calculation of optimum shapes of vibrating beams sub-
jected to axial forces whi ch will have the maximum fund. Contrel of Stretched Strings
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D.N Dutt and B,S. Rarn,akrishna A new set of equations is presented to calculate bearing
Dept . of Electrica l Communication Engrg., Indian reaction forces for the four most common mounting designs.
Inst of Science , Bangalore 560012, India , J Sound All necessary equations are included , and they can be han-

Vib., 57 (4), pp 499-514 (Apr 22, 1978) 10 figs , 
dIed easily on a programmable calcul ator.

6 tables , 22 ref s

Key Words: Strings, Optimization , Vibration control BLADES

In this paper , non-linear programming techniques are applied
to the problem of controlling the vibration pattern of C 78-1449
stretched string. For thi s problem the relative merits of

- - l’eedback Control of Saw Blad e Temperature withvarious methods of non-linear progr amming are compared. - -

The more complicated problem of fin ding the positions and Induct ion Heatm g
magnitudes of two control forces to obtain the desired C. Lm . Mote , Jr . and S. Holoyen
energy pattern is then solved by using the slack uncon strain- Dept. of Mitch . Engrg., Univ . of California , Berkeley ,
ad minimization technique with the Fletcher-Powell search. CA , J Engr Indus., Trans ASME , 100 (2), pp 119-

126 (May 1978) 18 f i 1s , 3 tables , 10 nets

78-1447 Key Words. Saws , Blades , Therma l excitation

Analysis of a Randoml y Excited Non-Linear Stretch-
ed s - Control of the axisymmetric temperature distribution in at i-mg 

circular saw has been shown to be an effective means of re-
G . Taqata ducing blade vibrations. Theoretical and supp orting experi-
Nippon Gakki Co . Ltd ., 10-1 , Nakatawa Cho , llama - mental analyses of a basic induction heating co il design are
matsu , Japan , J. Sound Vib ., 58 (1). po 95 - 107 presented here. An IA thermometer was designed to measure

(May 8. 1978) 4 figs , 12 nets the blade te m perature. Transient heatin g , transient cooli ng
and steady state temp erature expe r iments on circular saws
were conducted both in the laboratory and in production ,

Key Word ;. Strin gs , Random excitation The true set point temperature was maintained t o within
2 degree Celsius.

In a fr equency region such that the non-linear terms arise
from the fact that a string stretches in oscillation when a
narrow bend random external force is applied for a long
period to the String, it has been observed ri dig ital simulation CYLINDERS
results tha t there is a smell amplitude for which the am- ( See No 1412)
plitude probability density characteristic sho ws an anomal-
ous “ no tchy ” behavior. In the Fo kker .Planck equation
obtained when the stretched string is described by this
non-linear differential equation with narrow band random DUCTS
forcing, the amp ltiu de prob ability density characteristic
is calculated by a polynomial apr.-rox imation. The transi-
tion probabili ty density function can be estimated by this
method. 78-14 50

Acoustic Propagation its Nearly Annular Ducts
S. Sridhar and A,H, Nayfeh

BEARINGS West Virginia Univ ., Morgantown , WV 46506, J.
Sound Vib,, 58 (1), pp 15-26 (May 8, 1978) 3 tables ,
15 refs

78-1448
Key Words: Ducts , Sound propagationConstant- V elocity li-Joints

G H ‘,iittic r land The propagation of acoustic waves inc duct of nearly annular
Advanced Du’ iqn Mi-ihods Lab , Ohio State Univ., cross-section Is Invest igated , A method , based on a perturb.
Columbus , OH, Mjit h Des , 50 (9), pp 55-59 (Apr 20. tlon technique , Is developed for calculating the wuvenumbers

1918) 
— of the propagating modes. Numerical results are presented

for the case of an annular duct having en elliptIcal outer
boun dary and a circular inner boundary, and a cylIndrical

Key Word s Bearings duct having an elliptical boundary.

46

_______ - _—:-. .

~~~~~
.—.---



78—1 45 I tooth face deviations I a press ; ii f o r  ire l i i i  51 stir it ’s

Sound Propagat ion Thmugh a Subsonic Jet Due to coefficients of all .rimponenis of the St Ati c iiai urrr - .ur r

a Soure r Near the Duet EXIt error are derived in Ier iris iii t w i,d irn em isir ,nei i ian er I ‘i’’ -,

T 
for m s of local tooth pair stif lo es s es isrw l st i f t i i i rss ,,niir ii- l

- intl weighted devi at ion ; of tooth fac es f rom pei t ect inv o lute
I ,r)r l r d r i t  In’ ,t I i i  Mij thertraf cal Sciencos , New York surfaces Results are valid for arbitrary - specified t .ii!fi tie

Univ - New Yo rk , NY 10012, J ~.ounid Vib , 5/ contact regions and include spur qe ,s rs as the spric irs i cast

(4 ), i ‘r) 5)4 (Apr 1./ . 1918) 2 t r j ~, 1 IdhIe , of helical gears with zero heli x ang le

18 r i- I ’ .
‘,Iv,t i’.ur ,rl l~~ f’J~\~ t~, I arigloy Hirsear ,h ( .i,iitor

LINKAGES
Key Words Duct;, Sound propagation

Matched asymptotic solu t ions are constructed for the acous
tic potentials of a periodic point source located in a two-
dimensional subsonic iet near the exit of the duct with the Stud5Ss on the Failure ol Metal Mechaiiii- aI Jostili,
ratio of th e duct thic kneu to the acoustic wave length as Subjected to Dynan u ii- Loads
the snsaii param eter The leadi ng term of the far field aolu C A H ‘,‘,, I) L r. j~ ‘ ii’ ,l t o r i  ti f i r ’  vi
lion Ira; the sam e directionality effec t as that for air infinite (rIdrIj Idli’ 1 rtqnrj  (.1 - i r i r - ,  F liii i i i  I )ii iv , I ~Ii c i  I’ I ‘ ‘ .
iet without the duct and that when the plane at the duct 

~ L Rept N~ Al (1 ,8 III /8 00/h ij i r
~~
, (~,t’ t 1

exi t  is considered to be a plane of symmetry. Howe ver ,
the inten s ity is different because of the wa ve propagation 20 , 1 ’ ) / / )
int o the duct and is dependent on the location al the source At) A05l) I)/fr/9CA

Key Words: Joint s liunctions l, Dynarrric tests

GE A RS A series of ex perimenta l dy n a m ic test ; our ir c u r I a  i ,’d iii,

riveted joints arid struts with r .eniOel holes to ,
~~i~~i r l i dr

quantitativel y fracture mnechermisn i; asrx l ti, rImrtiir,,rui,i, ,f~
I , .—., namic load factors based on measured strain ; Resu lt s “I

these exp erimenta l teats on alumi n um struts with a ceniro l
Aisaly la of the Vibratory Excit at ion of Gear Syai circular indicate that dynamic str e sS con centrat io n ; as
leslie : Baser Theory sociated with the hole are approximately equal ii, the
W U Mark stress concentrations for the same ipecrrnren. lf iv i ’tmxl i~t ir~~
Hull l)i- r, ir v - I  ~r nJ Newrrieiri , lne ., Camnibridgir , MA subjected to dynamic loadi n gs exhibit the se in e m i n Imal

fracture/failure modes associat ed with simi lar ly s ta t r i  ii ra il -il021) 8 , 1 Auiio,I vn Arr ni,r , hi (ii), FIll 141$) - -riveted joints. Dynamic response of riveted ~rO nt s ar,uJ sub
14 ii) (Md/ 11)/h) B fijs , 19 mIs sequent fracture is very dependent on the loin , s t r l t r r i ’ s s

and loading histo ry.
Key Words Gears , Vibration excit ation

Formulation of the equations of mot ion of a generic gear
system in the fr equency domain is shown to require the PIPES AND TUBES
fourier - series coefficients of the components of vibration (A l ’ .. ‘un., Niis I tO). 1 4011)
excitation , these components are the static tran amisa ion
errors of the individual pairs of meshing gears in the system .
A general expression for the static transm’r,ission error is 78-1454
derived and decompoaed info components attributable to . - -

elastic tooth deformations and to devi ation ; of tooth faces Subaurface Tran~~ortalson of lims ng Marine I s~irIsiis rs

from perfec t involute surfaces with uniform lead and spacing. W Kari
The component due to tooth-face deviations is further Ph D. Thesis , the Univ. of J i ’ v , p ,  ii A ’ i t  i i , 1/ I ) HP
decomposed into appropriately defined mean and randomr’ ( 19/7)
components. The harmonic components of the static tra ns tIM 180/328
missio n error that occur at integral mult iple s of the tooth-
mesh ing fr equency are shown to be caused by tooth de-
formations and mean deviations of the tooth faces from Key Word ;: Underwater pipelines , Pipelines , Pipeline t ran s
perfect involute surfaces. Harmonic components that occur portation , Metharna lica l models, Frequency reUsons.i method
at the remaining multiples of gear-rotat ion frequen cies are
sho wn to be caused by sh e random components of the The maj o r contribution of this work is the development ol
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techniques necessary for the tr udy of s tatic , dynamic and Thi s t r ipe present; a t r , a t f r r , r , i ~i I ir .aI m odel for , ~~~ low in
random , stress characteristics of a long marine pipeline sys- r i uced vibrat io n of tube bar ks .  Motion-dependent fluid foru s
tern being transported under the sea surfac e ti, a connection and various types o f f l ow m rr , , ~i’s ,irr - incorporated in the a
site Th u rnet hcurl ot offshore pipeline construct or I of fer s rTiodel. An .., al t ir ..~ solu I r,rr i(~ r the II (1 d inert i a force ,
su bstantial cost savings where deep water oil and gas well ; i iy drod y rr emn ic r lamp rng forc e , a , r r l  fluid elast i c f o rce r ; (l iven

are c muru c er r ied An a lyt ical model; and numerical algori th m s fo r tub e banks arranged in ,ni arbitrary pattern. Based r ,n

ar e i leve itio ed f o r predictin g the cri r ~ti gur at uo n and stress t he model , ,u better r r nde rs r ~ur i r f i n g  of t i re vi b rat ion s of heat
list, ,lrrr l i,,r , a~~ng thu . line t r i m irg t he s ubsurfac e tr am ispo r ta- exch an~Ier tubu, bank sub j ect ed t o variou s f l o w exci tat ions

t ea r tit rate Tin- successive linear liar il tec h nique arid the was deve loped
isir5t ~ r m,it nix ‘ ru- t i , r n I  in s t ru c tura l  ana l y si s are ut i l i zed to

ob t ai n solu t ions to the r,r ,rr I r near twi t t in ni I boundary value
pipe line sys ti nr n eq uat io .is Di acrn ’ r u bouyanc y fo r ce s  along
th e I , . , . .  will also be necessary in l r i a r . r r i ~r, t o reduce the barge 78-1457
thrust n u ’q u nren nent; whu iut maintaini n g safe s tress levels. The Parasii i’l r ic V j brati ons ol Noislini-a r ‘l’ubrn due to
i’f fec is of buoy fouu ’s an ,~ m d  unled h r  this model - -lIsharinonic Exc itation (V shral ii)nn Paranietnquris

I ) i ,n ~- I’msveloppc Cylindriqate D’Un Materiau Elas-
tiqw’ Nuts Lincaire A Excitation lItharniuniquc)

78-I ~~~ 
C Hats is ov

- - - - vMI I \/ ,irn~i H P Iii: I-3ii lij.iri: , J iii: MoI drilqUit
Sei si,s - Reapoisie’ \ ualyrus of Structural Systetsi

AppI I )  Oil lip i) / O h i i  ( 19 / / )  3 t i i js , 7 rot :,
Subjem-led lii Mssl ts p l.- Support I xcil at ion 

(I
Wni , I A t 4 i i ’ ,’,,i,~

, .ini’) I K Liii ri Ii r~ I

‘ 101 i . e  F nimlr ij y Syr’,r.-Ir iI, Uii , 
( ,i r i i : r , i l  F Ii.’ i n ’  ( i ,

I , ,.~ 
r r ,  ‘ fil l ’,. ~~ i’ i i f l (~ li’’ , - 4 1 (2), ( if i  

Key Words Tube ;, Parametric vibration

2 / ,‘H/ ~,‘- ny 2 , 10/8) 3 t iqs , - 
, ii los , ‘I r d ’ 1 This paper reports on a study of parametr ic vibrations of

a slender tube wi th nonlinear material character is t ics subject

n’y ~~‘ rt i is Pipinq sy;tern;, Nuclear power plants , Se ismic to bihar rnor n ic excitat ion. Equations are formulated and
dynamic stability is studied from the point of view of smal l
param eters. Dynamic stabil i ty is determined for both t ans-

In mi .  wcs nic anal ysis of a rn ru lti ply supported structural verse and axial motion s .
system subjec t ed to nonun i fo rm excitat ions at each support
pir u mrm , t t r ,’  sinrqli. response spectr um, the time history , and
the nTiulti t li-’ respon s, spectrum are the three commonly
emnpioyarf meth ods l r r  P..’ present paper the three methods PLATES AND SHELLS
n., developed, evaluated , s rrr f  the limitations and advantage ; I / l IS t , air, N’r I ( I i )

ear r metho d assessed A our,,,’, cal example hes been car-
ried Out fo r a iypical piping sy ;is mn . Consider ably smaller
re sponses hey’, been predicted by the time history method 78-1458
tho r. th at by thin sing le response spectrum method . This , - - - -

is mainl y due to the fac t t hat the phase anal amplitude I’.fIer t of Shra,r I)i fo imat .on on V,I,ratsu n of Ants-
relations betw een the support excitat ions are faithfully itytisnielrsc Angle-I’ly l aiss i na(ed Rectangular Plates
retained in the time history method . The multiple response C.W H n r t  arid 1.L C Cl ior i
spectrui mr prediction Ire ; been r,bs,’rvenl to compare favorably SiP ~t Aifro,) ace, Mt~i.h ,IIIIJ NLiCIodt I r i ij rq -
with the li mp hist ,rry method prediction . iho u n i v . ‘ 1  l )~ I,,hutna , Nor’ ’ ,, ( , ~ 7 ) I ) f , ij  I r t l i

I Solids ‘ .tr UI , Ii ((0 . In ’  41 , 4 7 )  ( 11 /8 )  S Iiqs ,
2 tiiblfi’n , 20 nets

78-1456
Cmsefj ow- lnduecd Vibration s of h eat Exchan ger 

Key Words: Rectangular t i lat e; , Comp osite materials . Num-
erica l analy s is , Finite element technique

Tube Ranks
S S ( .hrlni The tit le probimntni is so lved in closed form for the case of
(,r)mnip( r ni n :r  its  t i:m .hfloll,IJ .‘ Div , Ar yitlnie Nat f~ flh) all edg es simply supported . A disp lacement formulation of

I oh , A n’jo r i ne , I L  (1)419, Ni,’ I I i m p  DP, , 4/ ( 1) the heterogeneous ihear-defo rma hie plate theory originated

pp 6/ - 86 (May 1978) 9 lii;’.. 4 tabl tls, 24 t o t ,  
- by Yang, Norris and Stevsky is used. Material properties

typical of a hig hly directional composite materiel (high-
modulus graphite/epoxy) are used and numerica l result i

Key Words. Tubes, Heal exchan gers , Fluid-induced excite- are presented showing the parametric effect;  of sspect ratio ,
hon . Mathematica l models length /thickness ratio , number of layer s , and lamination
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angle I f . -  et fec is of deleting rotatory inertia and in-plane 78-146 1
inertia , singly and in combination , were also investigated . Modeling of the (at Eardrum as a Thin Shell Using
The information presented should be useful to composite- the F’wite-Element Method
structure designer ; , to researchers seeking to obtain better

W. H .J. F unnel) and C A .  Las ilocorrelation bet ween theory anti experiment , and to numerical
analysts in checking out finite-in lement programs. BIoMedical Enqrq UnIt , Dept o f Otolarynyo logy.

McGil l U rt iv ., Montreal , ()uehe ., Car ion Jo , J Ai.I i IJ ~~t

S u m . Airier , (fl (5) , ;ip 1461 1 4 P/ (May 1978)
4 figs , 34 refs

78-l459
v ibrational Analysis ~ f t im e Sus prrp heisix Internal
Shells Key Words: Shells, Mathematical models , Finite element

technique , Organs (biological )
(IA Livol.ir i t  a t ’  I F J n : ;t rm p en to
(;or r , n , m i . ~,’,,mr ii . ‘F n mn : t i )m i -  / I t I ) rf l h(f i i i :  C1N/Sai:lay A finite-element model of the cat eardrum us presented which
Dl M T , B P f I ’ 1  2 , n III 90 (ml ‘nUi Yvn: t ti : F’ rarb .e , includes the effects of the three-dimensional curved conical

t- ~:c I  re p .10’ , , 4/  Ill, t( ’ 289 296 (19/8 ) 8 t i 1’1, shape of the drum. The model us valid at low frequencies
and within the range of linear vibration amplitudes, The2 tat ,ii:s , 1 ri:t
material properties used are besed on a review of the lmta ra-

( f r i  F r n ~t ir .t i )  ture. The model exhibits a vibration pattern, and amplitude
very similar to those observed experimentally using laser

Key Words. Cylindrical shells , Nuclear reactor components, holography. A number of parameters are varied in order to
Fluid-induced excitation , Fatigue life study their relative importance in the model.

The geometry of the internal shells of Superphsnix is some-
what complicated; they are mainly ex isymmet nic with some
special parts , like pumps ~nd heat exchanger crossing, non- 78-146 2
axisymmetric. The f lniw leaving the reactor core or the heat

Natura l Frequencies of Prolate Spheroidal Sheilaexchang e r strikes som e of these shells and induces vibrations ,
Owing to the surpec1ed long (the of the plant , without the o f Constant Thicknes ti
possibility of n n i rerventuon on the shell ;, it is necessa ry to CU.  Burriiu’j hs and E ,B. Mamirab
verity that the vibrational level us sufficientl y low and that Bolt Beranek arid Nawtrian , Inc ., Cambridçje , MA
there us no risk of fatigue. A first estimate nit the vibrational 02138 , J. Sound Vib ., 57 (4 ) , np 571-58 1 (Apr
level has been c~lcu latad . This paper explains the formalism —

22 , 1978) 2 figs , 13 retsowl and describes tf,i , m ain steps of the calculation: as-
tumati on r of the fluctuating pressures; calculation of the
structural reson ances , taki n g u n t o account the sodium effects; Key Words: Sphericaf shel ls , Transverse shear deformation
end estimation of the resulting vibrational amplitude, A short effects , Rotatory inertia effe cts . Natural frequencies
review of the experimental work planned to verify and vali-
date the calculation results us presented . The general displacement-equilibrium equations , which in

d ude thin effects of transver s e sheer end rotary inertia, have
been derived for a prolate spheroidal shell of Constant thick-
ness subjec t to an harmonically time-varying, arbitrary

78- 146(1 s patially distributed force normal to the shell surface. The
Vibra tion and Dynamic instability of a Cylindrical approximate solutions for the two nori torsional displace-

Shell Convey ing a Conipresaible Fluid ments of the shell middle surface and the non-torsional rota-
tion of the shah cross-sectio n are obtained by usin g Gals r-V Muir ,1 i i hi m d  S V r mnr i n i m m
kin ’ s variational method, Numerical result, are presented

F ,jr ,~~t / ~f 
n _ . i n i  .irii t loch , KIni k i  Utulv , Hii ashi- for the seven lowest ax isymmetric natural frequencies of the

ni 1,11 011 . [lul l. 0,MF , 21 1154 1 , i m p  P20 P9P shefi
(Apr 19/ 0) 11 f m r ;s , irE- I’

Key Words CyI itm rinu caf sh ril l ; , Pipe; Itubi’s , , Fluid-tilled
con uta it ’em;, F iu,nnj induced eec ntat  ion 78-146 3

Free Oaciilatio,sa of Submerged Spherical Sheila
This liaper deals with the v i tr r;t i~~ui a ’rm l hr.. sta b i l i ty ‘ ml  a

‘r’ V t c i , m  0110 1 1_ So
cylmndr r al shell conveyin g e r,i imnip. es eub ls f luid taking in to
accounr en effec t 01 nh., boundary l;, ~,m,, of tIn., fluid Muo- Di :çml i CivIl I f l I 7 r I (  , Tee ,u~ A)~M Univ ., Coilfiuj i”
guchu s s h a h theory is used and tIn.. com pressible f iuid ml ‘,l,ut ri , I X , I A l i m I t  Sou.. At t ier , I li.,,) , 0’
tt aa ted as arm nea l gas 1402 1408 (May 19 /d ) S I~~’1. 7 table , ‘ i oils
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i(.’y W uurnis Spherical shells, Subinuerqed structures . Natural Fin ite element technique
inegn uenucu es

Circular-arc aerofoil flat plates are ana ly ,ed for th mju m vu bra
I..’.- vibr u nmi rn i s  of a MiPn~ n mm mii sh ell subm erged in a fluid me- tionial characteristics using the finite element approac h . The
n lm mi n , i  art- u,u vestinimmiwl Ii is found that uuo undamped natural effect of variation ru the lune angles of the aerofoil plates ,
tn~ m m u.- i ucy of II’,- submerged shull Ca,, exist evenu it the sur- on natural frequencies and mode shapes is investigated , Two
rm ,umj iuulunu 1 fluid s ,ussurmied i ,nv msc i,i. In this case the damping typ e s of plate bending finite elem ents are used mu t h e  invums-
is solei y due t i m  time u,iittm tume s sibilu ty of the fluid. However, tigation; one is the conventional nine degree of f reedom
fo r 9.’ i,iurrmnediate ,n iu mn l u. s , the ulampin g component ; of the triangular element and thin other is a modified triangular
cot’n m ini , ’ n.  l,t-uluennn :nes an., u ’ un t me niely srn ,all , thus , an almost element with one edge curv ed . The later element has been
,,ni, un i~ state , undaropsel I mine oscullalioni is possible for s pecially developed and used near the curv ed boundaries
thu -s .- m m i i i . ’ ,  amid ,, pronounced resor ma,ic e may be observed of the plate , whereas the former stra ig ht edged element is
‘e rr iht- fmncn ’nI v ,lu ret uu in s When . the shelf is submerged in an used in the interior . The results of the finite element analysis
mul, ’d l flui d , n us stnm,wtu t hat thu-i t - exis t two nata l natural are verified through experiment al investigations.
f ,i ,.muemi. ,ues i i i  . an:t m nionfe T hese frequenci es are lower tha n,
ifn , r n n ,  te5$X .~ ‘. f ’ m mn i  in vacu e natural f requencies. The eflec t
,,f fluid visa n . s it y r im th e complex natural tre quencies has
alsu ’ bet-mn eunann iumn..r I It us found that for s,rssll viscosities, 78.1466
t i n- ansi  .u s ut y Ira, .‘ssu-rntia liy rio effect on t im e real component Acouatic Trazs~ isiii ’on Through Orthotropic Multi-
of th e nu.st i mmml 1te’~uenc,es layered PlateL Part 1: Plate Vibration Modes

J L. Guyader arid C . Lesuemir
Vibration Acoustic Lab., National Inst . of Applied

78- l ‘~i4 Sciences , 69621 Vi lleurbanne Ced u~x , Fran e, J .
I natead y %r ni ,alm.ii aasiu - Forcesm on Hasmonically Sound Vib ., 58 ( 1), pp 51 - 68 (1978)
(lsi-allalissg P.~iist ~d (:,rn’ular (.on ical Shells with Small
.% perlurs’ Angle (Insfatio ssiere Luft kraeft e an Har- Kay Words: Plates , Layered materials . Ontlmotropism, Sound

imsa ,isaw- h suchwingenden Spitzeis Krei~~egelachalen mit transmission
klri,ses,i Orffnu ngawi nkel)

Equetioria ot motion and natural boundary conditions for
II I i~u ’ r SC f u m t I I (  , i m i ’ J  I’ I. (.,hij .u .multilayered plates are established by using a variationa l
lti~? f A~ r’ e ln i ’~t i k , Di’uj tsi.h F orschungs- uild Ver- displacement formulation. The continuity of displacements
‘ n m .  I i’~,j m ‘ cml i  f I mitt ij rtd F lautt ifahrt , Goiutt ingerm , and sheer str inu es are verified at the inter laces, An impor-

I n n : t n t i ~imm y (,uj f l t t t t m to ‘~tn’ady arid Unstead y tant point is that equations of motion and natural boundary

Ac’ r-mdyri - ~)p 
‘3~ 411 (Aiiuj 10, 197/) A~~i l -  ~~ NTh con ditions remain unchanged in form whatever the number

1 /004 08 02 
of ICyars , The eq uatiomus are solved for a simply sup ported
plate, P.nalytic so lut ions are obtained that are used , in the

( It i ( m r  - m ill) second pa n-f of thi , paper IPart II). to calculate the trans
N/H I ~‘U0/ mission lou of multilayered plates , Numerica l results are then

presented,

Key Words. Conical shells, Aerodynemic loads, Aircraft

The analytica l ialati o ris for the calculations were derived
fnt,nn the slender body theory . Numerical calculations were
carried out for some typical examples and results compared Large Amplitude Flexural Vibrition of Stiff ened
with those mml the piston theo ry. Plates

C , Prathap arid T .K . Varamian
Dept. of Aeronautim.s, Indian Inst . of loch , Madras-

78.l465 600036 , India , J . Sound Vib , 57 (4), pp 583-593

Vibratia,is -- Analyssit of Circular- A rc Aerofoil Sh~~ed (Apr 22 , 1978) 7 figs , 10 rels

Plates
H 13 Vhnj, , i ’ .mii mm i i  S. Rawtartl Key Words: Stiffened plates , Plates , Flexura l vibration

~A A . I,n,( ln,i(i - m m f  Fm 1n .h , Bhopal 4 ’2 007 , It idm u , Intl.
Mu:I hi ‘ n~ i , )p (i n ) .  pIt 283 39,3 (1978) 6 figs , The large amplitude free flexural vibration of thin, elastic

0 ~~~ 
orthotrop ic stiffened plates Is studied . The boundary condi-
t ions considered are either simp ly supp orted on all edges
or clamped on all edges and the in’plane edge conditions are

Key Words : Plates , Natural f iaquenci as. Mode etsapes, either immovable or movable , The governing dynamic aqua-
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U-

t mo mm s are derived in terms of non-dimensional parameters equations with constant coe fficients, These equations which
descr ibing the stiffening achieved , end the solutions are are of Duff ing type are then solved by the perturbation
obtained on the besia of an assumed one- term vibr ation method of Multiple Scales, and various resonances are studie d
mode shape for various stmtfene n combination,. In all cases, with and without modal coupling linternal resonances),
the nonlinearity is found to be of the hardening type . Some Of special interest , are simultaneous and combination exter-
in teresting co nclusions are drawn as to the effec t of the nol resonances, The study of these resonances emphasize the
stiffening parameters on the nonlinear behavior. A simple importance of accounting for all the forc es present in a
method of predicting the postbuck l ing and st at ic large nonlinea r vibrating system ,
deflection behavior from the results obtained in this analy-
sis is included .

SYSTEMS
78-1468
Atfenuated Forced Osc illations of Isotropic and
Orthotropic Plates
S K u t sa m t m s
F- ortsc hritt -Ber in,hte d VDl - ZeIt ’~i,hr if te n , Ser. 11 , ABSORBER
No . 28. 86 pi~ (1978) 17 figs , Avail VD I-Ver lag
C m.b. H , Postfach 1130 , 4000 Du sseldorf , Germany,
Taken from VD I-Z , 120 ( 61, pp 259-260 (1978) 78-1470
1 fig Selection of Anti-Vibration Mounts
(In German) J.S. Smith

Moniton Technic , Ltd., Noise Control Vib , Isolation ,
Key Words: Plates , Internal damping 9 (4), pp 123-124 (Apr 1978) 3 figs

An approximate solution for the prediction of the internal
Key Word,: Equipment mounts, Vibration controldamping in plates at resonance is presented . The solution ,

based on Galerkin method , may be used for plates with
Factors which should be considered in the selection ofvarious boundary conditions and surfaces - rectan gular ,
anti-vibration mounts for machinery are discussed , They

triangular, trapezoidal, as well as polygonal and circular
are the lowest running speed of the unit , energy abso rbed

shapes. by the unit, total weight and its distribution for the unit,
grads (Or f loor ) on which the unit is to be positioned, type
of floor ing (e.g., concrete , wooden plank ,, beams) , and

STRUCTURAL type of area (e.g. , residential , industrial . et c .I.

(Also see, N~ 1411)

78- l469 78-1471

Nonlinear Vibrations of Structural Elements Sui - Effec ts of Structural and Forming Parameters on the

ject to Multi-Frequency Excitat io ns Eff ic iency of Energy Tran sfer in impact Forming
Machines1. Mojamididy

Ph i) Thesis , Virm j mrm la Polyte .hnic Inst irid State ~~ . Vaj payee and MM Sadek

Un iv - 113 pp (1977) Dept. of Moch . Engrg., Univ . of Birmingham , UK ,

UM /007220 J . F.nyr . Indus., Trans ASM E, 1P~ 
(2) , pp 113-

118 (May 1978) 9 fi gs, 8 rots

Key Words: Structural mambem s , Beams , Non hi mn ear response , Key Words: Forging machinery, Shock absorber,
Coupled respontle

This work deal, with the et f lc ienc ,i of energy transfer In

Relatively large-amplitude responses of structural elements impact forming machines due to the interaction of the pro-

subject to multi-frequenc y aperiodic excitations are studied cess with machine structure a, representsd by a two degree -

The governin g equet iofl of motion , which accounts for a of-freedom system . The formin g process is simulated by a

week cubic nonlinearity that is due to the stretc hing of the rectangular force pulse as a function of time , The effects

mid-plane , and linear viscous model damping, us reduced to of various parameters of th e structure and also of the pulse

a set of second-order coupled nonlinear ordinary differentia l on the energy trans fer have been explored ,
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78-1472 78-1-174
SIs l’fssesis as,d I)axui pusg iii l~laatonIe rH’ O-Rini,~ Hi-su ng Reducing ~iuutiii’ Iii Il y d raul is’ ~~ ~ln iiis
Mouit (s m u I ’ ,*: Cn , r m t m m n l  \./ il, l’ ,i,~~m~ i n , ‘

~ ‘1~ p 1 1 1  ( / ‘~ nr

A .J m irniaHi’y 19/01 2
P m : ’, ar id Div Div - 2 . t : . n ’ i m ., m t In, . l m l I ) l .  

~, liii: ,
I ~th~r , NY Pet it  -~ NIASA ( .i~ 1 ~n ,j~_mp r ,~ I I Key W uunis N - -mi ii tin’ , , ii y n i m . m n i l n m  ‘~~m i m t  m n m , m  It , l iii
/8 ) 11 11, 75 ;m ~i IN. i 101 / ) Vals~s
rj i tj  lH4blj riM ,,,, im im li utmon i is .m t:ii n m ,  to lag n .m mi mi i n - m i m i ‘ tmlmrn m s.- !m - m _ n n m m y

mni . ict nmn e ry . immm j  ,nnjm g st nnal c- n n m n n ; m n n :n ’ m t ~ . I t ie m , m n i ’ ,n .  of oil -
Key Words. Bearings , Mountings , Rings, t. l a s t m i n nmn ’ r s , Dy - f n y ’ I n , m m , i m m  applii.iu t mu im is  is nnn.iinly m i n .-n m - , . u t n , i l  by ii’ ni: lit t i- i  ‘ n t
namnic tests , I )y m m i i  mm mm . s tu ffnesa , Damping sour cee h umps , liydr.nnm mn n ram s i - n ,  - mimi vii vi ’ s Noise

transi etut s arid hydnau hir : vaivm,~ .in i m,n n i i nn ,  mj s ,-iui I , m n n c a m i t m m , i i s
A t ‘ s i  m ii i t n t  mn ,n min smi m m  the dy naunic st i f fness and darnpi 09 to ni m um zr’ t hit no ,-,m are tin’s , ht m l
of elas t emer C) t ogs was ulescnibed. Test result s for s t  , t t mmnns ~
mmiii loss m:miin ff ncienll in t tie frequency range from 50 Hi to
1000 I-f, i n n  prese n ted. Results are give n for three dulferent

mn, i t m , m is , for lie u, temperatures , for three amplitudes , for five 78-1475
values n i t  smiueeze i n n  th ree cab ins of stretch for three values 

Dcsigsiis~~ Simple I.ow-Pjsas Fil ter \lulfln’tii fo r Sissa ll
o f cr oss-wc t imin miia mete r and for three values of groove , -

- 1 wo-t ycle Engisirniwidth. All i ims t date points were plotted . In addition , trend
surrinuary plot s were presented which compare the effe ct W ,i , m ,mjm, ~
of material , ten n pun rature , ampiutude , squeeze , stretch , cross- Hay Vi E (i .t r i m  I- t ,ilj ’, , ‘ i n 1n  mcI  ‘ii Mn,i .Ii I n i m ) r p . ,  F~ur
section diameter , and groove width. 0 rung detl ections under ,j ‘ m m  - Univ - Vi .i t ml , / n , t  t m , IN ‘1/ 1117 , N’ n I’,lY ( ‘ l i i i  r ., l
a static load for different material were presented; ,mm .d 

n p  , I 0 (2 ) ,  on ~J) ii i , ( M i t  I/n u t m n i/in ii t ~,,effective static stif l nes s values were comp ared with dynamic table , l u n d’values.

Key Word s . Engine mnu lfle rs , iiu”,m q n m 1.-n m mn i ’ p ,m. s

The author dotam is an .f l n u mm Ilium. t, ii, i l i m-  mini ,  i_y lmt i m j . , n  i’ i iq innu,
78— 1473 that f i l ters m m u t roost of the Hi,innholt, i insonuatun min im ’,’- hand
Deisigri Considerations in Energy Absorption by without i.nn’ni u m n m m i  too m uch i:, im . k l ) m m m -,- , m m m ’  t I n - i ’  agniulni , nmm i , m ’ i h n ,

Structural Collapse engine per furrnm unce it ,  i’~~~ri,p by sn mn t m f inn m m m i i ,  is a t i n  icc tt , m-
designer to wi mmm .t m mm i i i f l m , t  pne~u nm n’ nm is . linus m - i m m mm, ’ ,,ul ii,~ t m n , i , . i mC L t’~1.unj i:i ii ri P (-1 Iii , , l i t  in t l  -of the mmn mm :m ’ ssmir y I r al end-em nor won in

f -or d M ,t~~i Cu., [m i~.jr), m,, n , M l , .SAE I’,iper No
/111).’, ~‘1, i0 ipi , l3 I m m ~’ . , 7 m i n I m - ’ .

78.1476K~y Words. Energy absorption, Crashworthiness 
. . -Noise lts ’duetios . us Quee,imnlaiid S.igms r ~IilIi

A general treatment of the absorption of mechanical energy I.m Macny
by the axial collapse of a variety of structur al shapes , in. 141 N ( ,ru~ Hi - ~ii icni) i , (< tn t - ii r , tsJ n , i ’ ,m .  Cont rol
cludin g tubes , honeycombs and foams is developed which i rii~t , 10 u-’ ) . p

~
, 1,/ 7~ IM.m r /Apr 1’178) 11encomp asses both the geometry of the structure and also 

1 -. 
- -

the material properties. The use of the method in the design r .
of load beanumug structures in which energy absorption is .ini
additional design function us Il lustrated, High strength-to- Key Words: Industrial i mom ~n’ , i ’ Jm mm s i reducnm n., nm
weight ratio materiel, offer a significant weight saving for
energy absorbing componenta , although such materials may Noise levels at “‘n majority of opetator locations in Queens-
have a reduced tensile ductility . The implications to s itua - land sugar mii , anus 5 to 10 d B(A l h igh er t hmu nu the target
tions in vehicle crashworthin es, are discussed , leve l mit 85 dBlA l . Noise so urm :i ms mnmn: I . m m lm ’  a broad range of

machinery and procedures I mu progress in reducing the
noise of locomotives , shredders , m m d  the stea m syste m is
described.

NOISE REDUCTION 78-1477
(Ale ’ Simm, Nmi~ 14 78 , 1508, 1 § i t )  Laboratory Stud y of J rt-Noiae Snspp ri munve rni
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Ii I I. ‘ ‘ n ’ ’  it , t I .V I~~’. ) -  , i t n ’ I U. M I n i m - I  /iinrodyti . . pp 7 lit ( Aiim1 10 , I 0/ / )  A i m )  ‘.ini: N i H
St /‘. m H -  l i i I ill’ , F l y d n . m n i l m ’  j  at, ., I.J tmiv  ‘ m l  M n tum mt  1 /1)114 08-02
‘,i) t .m . Mltlt u’ . t ’ l m l l ’ ,. MH / -114 , J Ac’ i mi ’ .L ~,imi . At ii i ,r , (In ( m i : t t t h a r l )

Ii imp 10) 0-1008 (Alit 1 m b / i l )  10 ( m l ) - ., 1 iabln , N/8- llO0b
H ni.) ;

Key Words: Aircraft vibration, Flutter
i K i ’ ,  i’~n , , , in  im’ n n . ’iisi’ , F’J n iuse n m-ni uction

The effects of structure-dependent non li neanities on the dy-
I- nut - mm m in ts  m i ni  tour ifif lerent types of subsonic jet-noise namic behavior of aircraft structures were investigated , sod
s i~ i . mm-5 ’ .ii i S  inn ’ nm ’ i . n )n  tr’ii I lii’ suppressors wet mn coinpared their significamice for flutter stability analysis and for solu-
to ‘m ‘ n - n m ,  m ru m ’ l ,m n  Ii#t ’ mi miii eq ual- tb u iust per unit-exit-area tion of general dynamic response problem s considered , Some

- m ) mm hI - mit ‘ i is ns the noise productioui of the different measurement and analytical computation problems resulti ng
v - m n - m b n m m m l y  ml n g i m l y ,  in n.’ m n m t m o s t  to some results reported from structural nonhineanities , and method, for resolving

i~m i ’Viutii lJV them , are discu ssed . Physical relations are explained using
an example of rudder mechanism nonlunearitiea in manually
controlled aircraft.

AIRCRAFT
(Also ‘ ‘ t m ’  N ’ s  1 :1138 , 1406, 1464, 14841

78-1480
Aircraft Structural Reliability Prediction Based on

78 1 478 Dynamic Loads & Ultimate Strength Test Data

-\ ~m1, - h li.mil for A sme-ssing lurinne Engine Run.t l p H R .  Chetboweth

N. ~ e lu npar l inn -\ im po r l Neighbors Ilnu.k w mi il International , Los Angeles , CA , Combined
I) W I nliJ9 

f .nvironrrients Technology interrelation s Proc . of t he
It rQI imm I~ mo t i  F’ n ’ n i o ( t n m , f t l m  n ’/ ’ ,i,ji m i l l l y  Div., Wt ight Patter- 24th Annu al lech , Mtg. iii the Inst. of EnvIronm ental

‘s,,, JnI 11, 1 Ii, SI’,) J’ ;ni’r’t Nm, 780522, 5 fj i1’,, 2 Sciitni ,ns , f ort Worth , ‘IX , pp 352-355 (Apr 18-20 ,

t.i 0lm: ’ ,, 6 t n  ‘ I’, 
1 ~) /01 8 re t s

Knny Wn m m mfs Aircraft  nois e, Turbine innuqmnes , Engine noise, Key Words: Aircraft , Damage prediction , Reliability

I In m m mi, r im ’  l m u m ,tu on u
The economic constraints of today ’s aerospace vehicle

A mnn i . t tmi , n i nm imn m ly ‘ m n assi’ssiniq groumtnf nunu.up noise exposurel design and development process have dictated the limiting

u nsin,,n r r’ -s ult mu g i m n ’nnm lurhine engine performnaoce testing of or the complete cessetuoni of static tests of major aircraft

tin n n u rninn n un i,m i m l m i u u - t  was developed 1 he overall methodology components. This papal will attempt to derive .m measure

(n i m ’ . i,,t-, of m l i mm ’ u ’  calculation procedures using dBA levels of the structural reliability which can be expec t ed to result

( t tm n - emsmnn u’ i l  nm n’~ t um nuiterl) to predict the Day-Night Level from this “no test ’’ policy. It us shown that a “ no static

(LON) .,t any om:ation across existing terrain The method test ” policy on major aircraft structural comporme m’ts yields

n ,l-m ~y pmovides mtn m ’ anuu slysis capability required to study extremely high probability of failure or umirmmiiab ibity. The

mou se su.uppmesso r requinen nuents Inn order to minimize Cost,, question of this unreliability is presented to management and

ioci t mn run nip nmnif n m - s t .  elI pods, arid study Ibie impact of the professio n as one of the major economic and techni cal

run -up m n t u i -n i mtunmm u s l m nm nmm 1 m . s.  II also provid es a potential problems of technology today.

u.,,ln.ulmi I nn y tuin ossessi t mq ‘ m m  m ii’ exposure I romnu takeoff  power
m ,iuec k run iuçm s , inn n,tb’i,n in m im i hum bite,) static noise sources,

78-148 1
Dynasnic Wind-Tu nnel Teats of an Acroinechanical

70- I (;unt-All evi at ion System Using Several Differ ent
j ’ - ,suu i’ i’ in) ~l mmi i  f tira l ~s .mni liumm-a r il li-s from the Co,nbinatio gs m of Control Surfaces

“.1 - im ,- lural Ii y i i a i immm . and .‘~i’roeIaii tieii y Point of Vie w E .G. .Stm wa rt  and A .V . I ) i m ’ ) m ) i ’ t  I , Jr -

l)u’ I(i ’di- ,~i mmni ~, ~I mi n im l i mrelln-n NIi’ litl j us-an j ta ets nn aus I m.mnqley F~ei Cm,nt mu r , NASA . I an mj l m ’y Station , VA ,
he r  Siu lil li-i Slnimli ti ii ml , ii is .iiik si rs. ) Acr. ,.—Iasli k ) lli,pt Nm NASi\ TM 7)11, 11-1, L 11918 , :u~ pp (fvlar

I I t m ~iIhinn P 9/11)
Iri,,t I A r ’ t p m- i , m - . l i~ , I mi ’ i f l~ i h i u ,  cit ‘p t i n  i t m n ~’ . ui iii N/H 19059
Vi’, - n ,  ii~,utj ’ .I , m t t  I I ‘ ‘I m um] I , m , ~nt i f , i l , t  I, I m ’ m m m t t l r l n ) m t t i ,

W.~,,i C u n ;t i l m ,mm i ’ -/ , (.m m m , t r i t m t i n  ‘ ,In ’ ; i m iy ur id I it ns t n ,im iy Ke y’ Wor ds Aumc , at t , Wind tunnel tests , Wind ’unduced
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excutation near the critical flutter point is presented. The formulas
provide an analytical basis for the previously proposed

Some experimental results are presented from wind tunnel method of classification of binary flutter of bluff structures.
studies of a dynamic model equipped with an aemomechanuca l The results of wind tunnel experiments on models with
gust alleviation system for redu cing the normal acceleration simple geometrica l shapes confirm that the present formula,
response of light airplanes. The gust alleviation system are applicable to a variety of structur es ranging fr om a flat
Consists of two au xiliary aerodynamic surfaces that deflect p late to much more bluf f bridge deck sectuons.
the wing flaps through mechanical linkages when a gust is
encountered to maintain nearly constant airplane lift. The
gust alleviation system was implemented on a 1/6-scale.
rod mounted, fr ee flying model that is geometrically and BUILDING
dynamically representat ive of small , four place, high wing. lAlso see No. 1405)
single engine , light airplanes.

78-1484
78-1482 Concorde Noise-Induced Building Vib rat io ns John
Effec t of Chord wia e Forces and Deformations and F. Kennedy International Airport
Deformation Due to Steady Lift on Wing Flutter W H . Mayes , 8 . DeLoach , D.G . Stephesn , J.M. Caw-
W .N, Boyd thorn , H,K , Holmes , R B .  Lewis , 8 G . Holliday, and

Ph.D. Thesis , Stanford Univ ., 256 pp (1978) D,W . Ward
UM 7808767 Langley Res . Center , NASA . Langley Station . VA .

Rept , No. NASA-TM-78660 , Rept-1 , 38 pp (Jan
Key Words : Aircraft wings , Cantilever beams , Flutter 1978)

N78-1 8873
This in vestigation explores the effects of chordwis a forces
and deformations and steady-st ate deformation due to lift Key Words: Aircraft noise , Building s, Acoustic excitation
on the static end dynamic aeroe lestic stability of a uniform
cantilever wing. Results of th is analysis are believed to have The outdoor and Indoor noise level s resulting from aircraft
practical applications for high perform ance aeilplanes and flyovers and certain non alrcraft events were recorded at six
cer tain RPV’ s , The airfoil cross section is assumed to be home sites along with the associated vibration levels in the
symmetric and camber bending is neglected . Motions in walls , windows, and floor , of th ese test homes . Limited
vertical bending, f ore -end-aft bending, and tor sion are con- subject ive tests conducted to examine the human detection
sidered, The stability analysis is carried Out 1mm terms of the and annoyance thresholds for building vibration arid rattle
dyramically uncoupled natural modes of vibration of the caused by aircraft noise showed that both vibration and rattle
uniform cantilever , were detected subjectively in several houses for some opera-

t io ns of both the Concorde and subsonic aircraft. Preliminary
results ind icate that the relationship between window v ibrs-

BRIDGES tion and ai ,craft noise is: linear , with vibration levels being
accurately predicted from OASPL levels measured near the
window; consistent from flyover to flyover for a given air ’
craft typo under approach conditions; no different for Con-

78- 1483 corde th an for other conventiona l jet tran s ports (In the case

An Analysis of Binary Flutter of Bridge Deck s~~- of window vibrations induced under approach power con-
dit ions ); and relatively high levels of window v ibration

tions measured durIng Concorde operations are due more to higher
Y . Nakamura  OASPL levels than to unique Concorde source characterist ics,
Research Inst for App) . Mechanics, Kyushu Univ..
Fukbloka , Japan, J. Sound Vib ,, 57 (4), pp 471-
482 (Apr 22, 1978) 6 figs , 12 rets

78- 1485
Tornado Structure Interaction: A Numerical Sisnula.

Key Words: Suspension bridges , Flutter tion
I. WilsonThis paper is concerned with an analytical and experimental

stu dy of binary flutter of bridge deck sections. A set of Lawrence Livermore Lab,, California Univ.. Liver-
analytical formulas giving the frequency end rate of growth more , CA., Rept . No . UC B L-52207 , 90 pp (May 20,
of oscillation , th e position of the equivalent center of rota- 1977)
tion and the phase dif ference between bending and tors ion N78-1 9338
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Key Wond s : Buildings , Wind-Induc ed excitation , Computer Ing to neighbors. Common complaints are that vibrat ions
programs are percept ible and that vibration, may cause building

damag e. This article reviews the results of a recent study to
The American National Standards Institute (ANSI) has assess ground vibreton from alternative methods for cut- e nd -
developed guidelinues for building code requirements fo r the co ver tunnel construction. The princip al vibration sources
minimum wind loads a building must be designed to with- considered here are pile driving. pile augering and slurry
stand . The co n servation or nonconser vation on the ANSI wall construction. The result , of measurements for each of
approach was evaluated by simulating tornado stru cture these methods are presented and compared with criteria
interaction numericall y with a two-dimensional fluid dy- for annoyance end building damage ,
namics computer code and a vo rtex model. Only external
press ure, were cons idered . The computer calculat ions yield
the following percentages of the ANSI design pressures:
rigid frame , 50 to 90 percent; individual wall panels , 75
to 200 percent; and wall corners , SO to 75 percent. HELICOPTERS

(Also see No,. 1418 , 1429)

78.1486
Measurenient of Floor Mobility at Low Frequencies 78.1w
in Souse Buildings with Long Floor Spans DFV Lit Rotorcraft Research
F, J . Fahy and ME . Westcott B, Gmelin , H.J. Langer , and P. Hantel
In s t .  cit Sound and Vibration Ret , Univ of South- Inst . f . Flugmechanik , Deutsche Forschungs- und
amptorl , Solitharrlpton S09 5NH, U K , J. Sound Versuchsanstalt t . Luft- und Raumlahrt , Brunswick .
Vib ., b7 (1), pp 101.129 (Mar 8, 1978) 38 fIgs, 23 West Germany, In. AGARD Rotorcraft Design,
ref s 17 pp (Jan 1978)

N78-19 141)
Key Words: Buildings , Floors , Vi bration measurement

Point mobility curv es for vertical excitation of the long Key Word,: Reviews, Helicoprers , Wind tunnels , Active
flu tt er control , System identification technique

span floors of a n umber of modern buildings have been
derived by Fourier analysis of the acce ieration response to

Selected activities in the field of rot on craft research andtransi ent forces applied by a hydraulic vibrator system ,
Coll ation of the damping ratios and peak mobilitias ~ 

devel opment are presented and disc uss ed . helicopter wind
tunnel test sta nds, active vi bration control , crew escapesociat ed with resonances in the frequen cy range 4 - 35 Hz system,, and helicopter system identification.clearly indicates the influence of non- structural components

and occupants on the ranges of these quantities and str ongly
suggests that tests on unfinished, unoccupied buildings, and
on isolated building com pon ents are of relatively little
practical value , HUMAN

FOUNDATIO NS AND EARTH 78-1489
Elastohydmdynamic Lubrication in Human Jo ints
G A . Higginson

78-1487 Dept. of Engrg. Science , Univ . of Durham, Instn .
(;usund Vibrat ion fr osu Cut-and-Cover Tunnel Mech . Engr . Proc ., 191 (34), pp 21 7-223 (1977)
Construction 9 figs , 13 rets
T .G . (,ij t owsk l
Ifolt Beranicil’ .in i New rt nan , Inc , Cambridge , MA . Key Wo rds: Elsstohydr ody nam lc properties , Organs (bio-
s/V . So un d Vlb , 12 (4), pp 16-2 2 (Apr 1978) logicel)
10 fi gs , 2 tables , 12 ru t s

Recent devel opments in the analysis of elestohydrodynamic
lubric ation (EHL) of solids covered by soft layers . are applied

Key Words: Ground vibration, Pile driving, Construction to th e big load -bearing human joint s. It us concluded that the
industry. Tunnels chances of generating a full film by conventional ro lll ng/

sliding EHL are small; but for loads of ~hor1 duration the
Ground vibration from construction activities can be annoy - squeeze film mechanlim looks very promising.
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78-1490 Si~,ir Mb j Co . ~,AI I~.u l ucir No - 780474 , 16 pp, 15 tug s
A t)ytsaisüc Nonlinear Large l)’isplat’cssis-itt I” iisi te
Element Model of a Iluissan Leg Key Wond s . Sus pen sion systems (vehicle s ), E.rth handling

T 1< Huu$ut uquupmenl

Ph .D. T Iui’su s , Stanford Urluv , 234 >
~~ 

( 1978)
ti M 7°0°79’~ 

A suspension seat has been developed for earthmoving
- and ether off-highway vehicles , following specific guidelines

established by the manufacturers of such vehicle,, A wide
Key Words: Organs (biological ) , Mathem atic al models , range of adj ustments is provided to pr operly position the
Dynamic response , Finite elemen l techn ique operator relative to the var ious vehicle controls, Several new

ideas are employed , such as a fore-aft slide with self-cleaning
A coordinated research effort has been undertaken to in- roller., a mechanical suspension spring system which pro-
vest igate the mechanism s of skiing injury. This thesis deals vides air spring characteri stics , and a seat/ sus pension pac kage
with a portion of that research , namely th u com puter model- which will meet the SAE reconnmsnded practice for seat
ing of the motion , forces and stresse s of a hum an lung which belt attachment strength without the need for additional
is subjected to an exp erimentally measur ed forc ing f u n ction, tether belts.
The investi gation of skiing injuries represents a particula r ,
but not an exclusive , application of this model ,

78.149 1 78-1493

The Effect of the Position of the Axis of Rotation The Development of a Scraper Suapenion System
on the I)iacomfort Caused by W hole-Body Roll and PB.  Cadou anni F ,J. Bowse r
Pitch Vibrat ions of Seated Persons Terax Div.. General Motors , Hudso n, OH , SAE
V C P,ur ~cins and M .J. Gnit t l r l  l~arii~r No. 780462, 12 rip, 11 tugs
t rus t .  I)) So rid arud V ub - F~c is , Univ . of Soutruar npton ,
Suuj thamt tci r ,, SOY ‘~NI-l, UK , J. Sounul Vib , ~~ Key Words: Sus pension systems (vehicles )

( 1)  pp 127-141 (May 28 1978) 5 tugs 3 t~ub lcis An optimum scraper sus pension system was developed as
7 nets is result of determining the performance and related cost

characteri stics of several alternative systems , The optimized
Kay Words: VIbration excitation , Human response , Ex- system cons lits of a pivoted axle assembly controlled by
peni mental data hydro -pnsum eti c springs, and a hydraulic control system

wit h self-leveling and manual on-off f eatures.
Methods of predicting the di s c onufor t caused by rotational
vibration of sub iect s seated away from the axis of rotation
from a knowledg e of the discomfort caused by single-axis
vibr ation were investiga t ed. The method of category produc-
tion was used, in which ten seated subjects adjusted the level

~f sinusoidal vibrati on until it could be described as “ un-
comfortable ” on a given semantic scale, Judgments were Ride Quality of Autorack Cars
made for four fr equencies (2 , 4, 8, and 18Hz )  for vibration, L.P Gnui~nfIeId , L.A. McLean , and E .J . Wolf
in each of five sl ngle’.x is motion s (roll , pitch, fore- end-aft , Trailer Train Co., Chicago , I L , J. Engr . Indus ., Trans.
lateral , vertical) and for roll and pitch vibration, with sub . .A SME , 100 (2 ), pp 171-180 (May 1978) 22 figs ,pactS iittlng ves ious distances and ul ur ac t uon s away from the
axis of rotation. 4 tables

Key Words ; Ride dynamics , Freig ht cars , Suspension systems
(veh icles ) . Hydraulic damp ers

ISOLATION
(Also vie No, 1 404) Result s of tests are described whose object was to determine

t he effect that various levels of spring stiffna u , fricti on
damping, end the application of supplementary hydraulic

~~ 
damping devices have on the ride quality of an •utorac k

- car , Ride quality, for the purpose of this test report, Is
Development of a Su~~ess ion Seat for lsarthmovin g defined as the level of vertica l acceleration (both AMS and
Veltic ka magnitude ) measured at th . longitudinal car center line over
L. J . Koutsky the body cent .rp late on the A-deck,
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78- 1495 can be predicted by computer modeling of the motor cou-

Deáçn of Vibrat ion Jsul alion Systems fun’ Forg ing pled t o e  mess- elastic system . An approach is described which

ha m mers 
uses inlectrornagnetuc torque developed by the synchronous
motor . end , ther efore system acceleration effects upon

11 .1 1-livi ni resonant amplifucarion factors are considered directly. This

Ford Motor Lu , Di:~ r h Or n , M l , 5/V . Suuu I Vu b , model , readily solved on conventional analog or digita l

12 (4 ), pp 12 - 15 (Apr 1978) 5 figs , / n n ) ,  compule rs , cons iders the sin gap tor que produced by seyn-
c hro ” o us ‘ u pS nstuo n i nut sal uent-p oi e motors coupled with a
mass -elastic system that takes into account non-li near spring

Key Words: Vibration isolator , . Forging machinery. I-lain- rates arid darmuping f actors.
mars

Analytical relation ships and empirical parameter values ens
presented that permit ready estimation of the effectiven es s METAL WORKING AND FORMING
of isolation system , for impact machines. Thu info rmation lA lsci wi, N~ 1405)
us then used to show how co st-affective installations may be
designed.

78- 1498
Stiffne ss of Machine Tool Spindles

78-1496 H. F’ uttrot f m d  U.A . Rirnnott
Improved Method for Mininsizusg Vibrational Motion SKF Kugel(.~~ u fabr iken G,rn . b H ., Schweunfurt , Ger-
Transenitt ed by Pumping Lines rniany, ASME . Paper No. 77-WA /Prod-42
W. P Ki nk  and M Twerdoi.Pi l ib

Physics Dept., Fexus A&M Univ - 
( dIu: ji - ,t , .ut’on , TX Key Words: Machine tool ,, Stiffness

77843, Rev . Sci erut utu i )nst r , 41i 16) . p~u /b’i-/b9

(June 1978) 3 figs In this paper , the parameters affecting spindle stiffnes s are
reviewed and their influence on the accuracy of the work-

Key Words - Vibration uso lat o rs . Pumps piece is illustrated . Equations are derived which can be em-
ployed to determine th e static and dynamic sti ffness of the

A description is given for a technique t hat is very effective spindle as a function of rolling bearing daf lactions end

in reducing vibrati ons transmitted along large -dia nuun ter spacing, and the asembly end mounting conditions,
vacuum snd gas pump ing lines. This technique uses a sup-
ported doub le-gumbel metal bellows design . When compa r ed
with other techniquee suc h as the crossed T metal bellows 78 1499
design, a factor of seven impro vement was measur ed , An

analysis is included which compares the various techniques . A pp lication of the Regenerat ion Spectrum to the
and shows that , in prin c~ , improvement factors as high l)eaign of Macbin , Tool Chatter Control Systems
as eighty or mor e can be realized with the double-gimbal y n ninl v i ,  in and C. L Nachtigal
design . Shell Deve)olirrlent Co.. Houston , TX , ASME Paper

No. 7/ - WA /Aut -8

MECHANICAL K.y Word s : Machine tools , Chatter . Vibr ation control ,
(Ale , vrir i4~, 1380) Control equipment

The development sad desig n of existing machine tool chatt ir

78- 1497 
control systems has been largely based on a conservat ive
measure of stability via the M.rr.tt Chart , Some additional

New Met hod Predicts Startup Tor que . Part I: A naly- heuristic rule s of thumb we re adopted for the case of a force
h eal Model measuring chatter control syste m . This paper intro duces

G Mnnm k , J tlusll oran , and H K øio’i,ue1 a new concept In the ana lysis and design of chatt er control

b y  Mf g Co., Buffalo , NY , Hydrocarbon Pmociussuriq, syst ems , the regeneration spectrum.

57 (4 ), iii’ 181 -186 (Apr 1978) 10 hqs . 10 mets

Key Words: Motors, Torsional response . Mathem atical 78-1500
models A Compariaon of Methods for Measuring the Fm-
Damaging startup torque , daveloped by syrich non ous m Oto rs . quency Response of Mechan ical Structur e, with
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Part icular Reference to Machine Tools CD. McKindra
H R . Tay l ir Ph.D. Thesis , Univ . of Maryland , 222 pp (1977)
Dept. of F lectrica l Engrq. and Electronics , Inst. of tiM 7808184
Science and Tech ., Univ (if Manchester , instn , Mech ,
Engr . Proc., 191 (16). pp 257-270 (1977) 10 figs , Key Words: Metal working, Cutting, Chatter
4 tables , 16 refs

This research is concerned with three -dimensional metal
cutting. An improved mathematical model was devel opedKey Words: Machine tools , Frequency respon se metho d, to predict three- dimensional steady-state cutting forces andChatter, Measurem ent technique, represented in matrix form. Cutting is assumed to be in a
plane so that the two -dimensional cutting theory can beThe measurement of the frequ ency responses of machine applied. The location of the plane is such that the force,tool structura l is necessary because of the assoc iation be-
In it give rise to comp onents along al l three orthogonaltween fr equency response and chatter with consequent
directions.limit ation of productivity , Various alternative techniques

have been suggested. The paper describes comparative mea-
su rement s of the frequency response of two systems using
several techniques. The techniques examined were sinusoidal 78-1503excitation with digit al analysis , frequency incremented

Bivariate Time Series Analyasa of the Effectivemanually; slowly sw ept sinuso idal excitation with analog
analysis; fast swept sinusoidal excitation with digital analy- Force Variation and Friction Coeffic ient Distribu-
us; impulse excitation with digit al analysis; and bend-limited lion in Wood Grinding
random excitation with dig ital analysis. W ,R. DeVries , D.A. Dornfeld , and S.M Wu

Dept. of Mech, Engrg , Univ . of Michigan, Ann
Arbor , M I , J. Engr . Indus., Trans. ASME , 100 (2),

78-1501 pp 181-185 (May 1978) 4 figs , 2 tables , 10 refs
Automated Optimum Design of Machine Tool Struc-
tures for Stat ic Rigidity. Natural Frequencies and Key Words: Grinding machinery, Grinding (material re-
Regenerative Chatter Stability moval), Coefficient of friction , Series (mathematics)

C.P. Reddy and S.S. Rao
A new technique for analyzing the normal and tang entialDept. of Medc Engrg,, Regional Engineering College, grinding forc e is present ed. It can be used to extract the dy-

Warangal-4 , India , J. Engr . Indus,, Trans. ASME , namic characteristics of the grinder structure , the work
100 (2), pp 137-146 (May 1978) 12 figs , 6 tables , material , and measurement tran sducers fr om experimentally
21 ref s measured forces. Two sets of data from an experimental

wood grInder are analyzed . Based on independent experi-
ments , the frequencies in the measured normal and tang ential

Key Words: Machine too ls Optimum design, Minimum force s can be related to factors other than the true grin oi ng
weight design, Finite element teChnique forces, The methodology developed is used to remove these

dynamic effects and find the force and f riction coefficient
A comput ational capability for the automated opt imum distributions.
design of complex machine tool structures to satisfy static
rigidity, natural frequency and regenerative chatter stability
requirement s is developed in the present work, More speclf i-
cally, the mathematical programming techniqu es are applied 78-1504
to find the minimum-weight design of Warren-type lath. Development of an Experimental Setup for thebed and hor izontal knee-type milli ng machine structures
using finite- el ement idealization, The Warren-type lathe Investigation of Grinding of Wood and a Proposal
bed is optimized to satisfy torsiona l rigidity and natural for a Pulsed Loading Technique
frequency requirements, wher eas, the mil ling michln. D. Dornfeld and S.M. Wu
structure is optimi zed with constraint s on static rigidity of Dept . of Mech Engrg,, The Univ . of California ,the cutt er canter , natural frequency and regenerativ e chatter Berkeley , CA , J. Engr. Indus., Trans. ASM E, 100stability. - -

(2), pp 147-152 (May 1978) 10 figs , 1 table , 1 1 refs

Key Words : Grinding machinery, Pulse excitation
78-1502
Matrix Representation and Prediction of Three- The study of the fib arlzing mechanism in the grindi ng of
flinennenal Cuttsng Forces, Including Chatter wood requires specialized laboratory equipment to allow
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process elt .ralion and data collection , The design and d.vsl- 78-1507
opmen t of a unique grindi ng setup end the control device Noise Characteristics in Partial Discharge of Centri-
and instrumentation needed for wood grinding research Ingal Fans (1st Report . Low-Frequency Noiae Dueare outlined. A pulsed loading technique for increasing the

to the Rotating Stall)effectiven ess of the fibar izing mechanism Is proposed and
this technique is tasted in a series of experiments conducted S. Suzuki , Y . Ugai , and H. Harada
with the grindi ng operations. Noise Contro l Engrg . Center , Central Res. Inst.,

Ebara Corp. , Fujisawa-shi , Japan , Bull. JSME , 21
(154), pp 689-696 (Apr 1978) 22 figs . 1 table ,
3 ref s

PUMPS, TURBINES , FANS
Key Words: Fans , Noise generation

COMPR ESSORS
tAlso see No. 1 382) Low-pressure centrifugal fan. often produce low-fr equency

discrete noise, when operating in partial dilchargs. In this
study, an atte mpt was made to find the cause of low-f re-
quenc y disc rete no ise , using various parameters ,

78-1505
Reducing Fan Noise in Construction Equipment

78-1508B R . Baranski and J.J. Pisarski
Schwitzer , Wallace Murray Corp., SAE Paper No. Acoustic Problesna in the Planning of Gas Turbine

Power Plants (Akusti ache Probleme bei der Planting780455 , 8 pp. 4 figs , 1 table , 7 refs
von Gasturbinenkraftwerken)

Key Words: Fans , Noise gener ation , Noi se reduction , Con- J . Meyer
struction equ ipment Kraftwerk Union A ,G., Mulheim , West Germany,

DFVLR Contrib. to Steady and Unsteady Aerodyn.,
Cooli ng system fan noise reduction can be best achieved pp 215-226 (Aug 10 , 1977)
by a combin ation of aerodynamic design and control of the (In German)
fan env ironment. Design fo r minimum noise is a complex

N78-1 7019procedure that requir es the optimization of fan geometry
and fan environment , maximum efficiency at the operati ng
point and the lo west possible blade tip speed. Good noise Key Words: Gas turbines , Electric power plants , Noise
measurements are essential to research and development generation . Noi se reduction
activities in fan noise reduction. Computer aided design
techniques are required to optimize the fan, The planning of gas turbine power plants is considered

fr om the point of view of aco ustic noise generation and its
affects on humans inside and outs id e the plant. Some ex-
amples sho w to what extent primary measures at the source
can reduce noise and how noise isolation or attenuation

78-1506 as secondary measure can be implemented outside the
Method of Fan Sound Mode Structu re Detennina- power plant. Cost optimization in the provision of these

measures is also considered .tion
G F . Pickett , T .G. Sofrin ,and 8W . We lls
Commercial Products Div ., Pratt and Whitney Air-
craft Group. East Hartford , CT , Rept. No. NASA
CR-135293. PWA- 5554-3 , 160 pp (Aug 1977) 78.1509
N78. 17064 The Solution of a Vibration Problem on a Turbine-

Co.npre or Set Mounted on a Steel Foundation
Key Words: Fans , Noise generation , Modal analysis J . N. Ramsden and J . R Stoker

Mech , Engrg . Lab , GEC Power Engtg, Ltd ., Whet
A method for the determination of fan lound mode stru c- stone , Luicester , U K , Inst. Mech Engr . Proc., 191tiara In the inlet of turbofan eng ines using in-duct acoustic
pressurs measurem ents is presented. The method is based (15). pp 135145 (1977) 10 figs . 5 refs
on the simultan eou, solution of a set of equations whose
unkn owns are modal amplitude and phas. , A computer Kay Words: Steam turbines , Turbines, Compres.ors, Fle xible
program for the solution of the equat ion set wee developed, foundations , Mathematical mpdels . Vibration contro l
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The paper describes a v ibr~ t ui ri arlvsst,get ion i.’rrtter taken as 784 ~ L I
part of die co inniis s ioninq o le  1 2 M W  steam turbine driven 

~ 0j pj, Reduc t iot i in ( alas iii I i it , kii and I.aig r- J t ~ i
blower . Th’s set which was mounted on a ltr’xiblis steel four, lore
detion , suff ered severe vibration of the exh aust-end pix ies-

~, I I  l ) I ~1 ,11itel of the turbine. Early ai t er rtp t s to cure the v ibration
h.d failed. To avoid further delays it was decided to m ake I itiii ii I’frM)StOlt l l ’ ) l 4 ’ , tOI i , / , ( ,‘~ i i ’ I~ii ‘ ‘I I l J I t O 1 i

a theoretical model of th~ rnachi n.r rind its foundati on and 1,1, 1,)’, fiU.I’lrlIrIO.Iy I t I t O  rr ’ l i i t iot it , I t  ,t t i  t l i r ;  )4 i1
to develop t hi s until it agr eed with nieas uremne rit i taken at /\r I ’Jdl l io .h t i . . j l  t..1t 1 i i  t l i ’  i i - , t 1 r iv l r j m r r r r - t I,ii
s ite. Having proved the theo retic a l model it was then to his S(. ’” ., F WOI I , IX , ~ 14 ‘ ‘ i ft :-‘~ 

i
used to try our suggest ed roodif ii at ions to th is foundation to

1’i/H) 6 t i j ~ , 4 ‘i’see it a solution could iris found. I lie ret ult , of these efforts
are reported

Key Word s . Truck s , Tractors , Nui~i. ~.- . . r t r . t r r .
reduction

78—1510 Th is paper reviews mInt ~ilr ~ ‘j ut ) ales I .,r rjr rr I ‘s ’htr  I i It ’ -

Vibration Effect s of the Space Shuttle Main Engine production ~l low Irequericy t r ) r r r t s  in .aI,s of I. i r k ’  anti

h i gh Preisiture Oxidizer ‘I’urho pw np I flowi t ractors and describ es a meth rri f f ut 1,,.~ r ro ’j ,q .in i c r r r t n r c t
ing the problem when it occurs..J .A . Harp

Marshall Space Fliq ht Cttru ’ r , NASA , Hj t t sv illr~, AL .
Hept . No NASA 1 M 7815/ , 56 pp II eb 1 ~)8)
N78 191q(j ROTORS

Kay Word s : Bellows, Turbine components , Spacecraft
components , Vibration tests 78-1512

Modal Analysis of Turborssl,,r, I sui~ Planar Mode-i.
A welded metal bellows was subje cted to a series of vi bra Th~~s-3
tion tests in a 400 psi oxygen environment to evaIu~te the

L .J . ( . iu i r i t t r , i~ .C. (,hoy, ant i P I f t II, iit ’effect s of the bellows convolutes rubbing on the damper ring
in the hil$ i pressur e ox idi zer turbopump of the space shuttle Id 1)1 Mech . I rigr~ . IJ r i t v  i~t V itr l i rt i ,J . I in .

mat n engine. The bellow s was sub iected to approximately vi l l i t , VA 2?~9() 1 , .1 F r.irik lirt l it’ ,) . ~~ 4 , ri 1)1
2 mill io n cycles at 0.007 in. double amplitude displacement 24 ’ s (Apr 19/H) 9 Sq’ . ‘t T.Jhl ’ :S, ?‘l i l’,
during this series of tests , at a frequency of 400 Hz. Instru-
mentation of the test speciman revealed rio signific ant

Kay Words: Aotor-bearsnq systems , ii, lane Ci,rnpor rei,tsbeet buildup caused by the rubbing of the bellows con-
Model ansly s is , Critical speedsvolutas on the damper ring. A final destruct test was made

to determine if a fire would res ult if the ~,ellows ruptured
in tha 400 psi oxygen enviro n m ent , thus exposing a fresh The generalized dy narni t equ ation s if ‘~~‘ t t IOml  ha~ r- I’r ,’ ,r

Obtained by th e dl,ei.i ,t i t fn ess m,rthorl ton r r i u l i ,mnissi ii, -, ,metal surface. The vibratio n input was changed to 0.8 in.
uble ro tor bearing sy St em s incl udin g t t t,~ - i l - i .  it it qynodouble amplitude di splacement at 20 Hz to intentionally

rupture the bellows. Failure occur ti d after 2.5 sac ; no fire scope, moments , disc sk ew , arid motor .e uni,’nnt i. A set of
und.mped critica l spued moixie shapes calculated 1 m m  rheor heat buildup was encountered .
average hori zontal and ver t ic ± ’ Lrmnaririq st i t fno ,s is used in

transform the equal t o ’ s of rnr,t son tor i a se, of coi,i.i,-,’t
modal equations of mu t ton , Thu modal ,rquelions at ’s co iplod

RAIL by the generali zed bei,ning coefficients and the gyroscope.

(See N~ 144 1)  m Omen ts An analysis us ing only undemsip url Ct i i i td I spu’.’nts
or decoupled mod.l sou l is is ass umi ng pro portional damping
may lead to erroneous r esul t s This l)e)er present s a rap id
method of calculating rotor ,e.orrani..ui speimils with their
corre sponding amplification fa ctors , stability ari d unbalance

REACTORS response of surh oroto ni . Examples of the ,gtl licut on, of this
modal approach are presented and insult s are t.ompanrrnt to

lS.snr Ni,-, 1399, 14(%) . 14 ’~9) those of other method s such as n n u a i i i x  transfer anal ysis.

78-1513

ROAD Measurement of U nsteady Preasurn in Rotating
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Systeiiin ( /Ii r ~I.’inititng i,si4ationaerc,’ t)ruccke in SPACECRAFT
i ni l  s et e,,dr ,i S~ n1 s-uIin ’ Ii ( S4rmt N. . 1510)

it ’  ii

f i j i -i A t t , ’  ,, ‘~: , I )eijl:y t i I ursi .iiiirri ;’ , und
‘i.’’ r:~ it lis ,sii~r, iIt i i i  i I ft i nn l’ I,iti,nfahrt , Goet TRANSIdIISSIONS
t lnq i li West (.~~r rvjri y, C iri tob , to Steady arid
I (Ii ~,lit .i’l’; f k ’ ’ t ( t i J / I i  , pp 12’~ I o, (I~t i t j  10, 19/ 7)
(Ii ( t  ‘~ i i )  78—15 1 5
N/H 1701 list- lnflucnce of Lubrication on Tooth-Roller Im-

pacts in Chain Drives
Key Words Hotriuing St ruc t ures . Periodic response iN . F ,swcett and SW , Nicol

Dept . ul Mech. Enqrg., Univ . of Nt wcast le upon.
The principles of t he experi mental determination of un-

f yne , UK lnstn . Mech. Eriqi . Proc ., 191 (21 ) it i ’ste~tdy pen t’,i,lii jm ”~~ur r- d istributions in rotating systems -—. —

are dealt with . An indirec t method is discussed, and the 2/ 127b (1977) Li f igs , 4 ri:ts
etli , Si of the i,i’ i imi ifugel (omcfl ismid the transmission behavior
of the pressure rm ntesuiemnet’t circu ,t ore outlined. The re- Key Words: Chain drives, Noise reduction , Lubr ication
quirod correction procedures n i ’  described and experimental-
ly ri m plemenitenl in t i test t,ench Results show that the in- In a roller chain drive an impulsive load occurs each time a
direc t metho d is suited to the measurement of unsteady roller is picked up by the driving sprocket from the chain
v ion ,haimoniic press ure di~tribution5 mi rotating sys tem s . span. These impulsive loads cause h igh frequency sprocket

angular accelerations of large amplitude , and are the source
of high frequency chain noise . Measurements of sprocket
acceleration imme diately after impact have been made to
demonstrate the effec ts of different methods of lubr ication

SHIP on the magnitude of the impul se. Oil drip, oil jet and oil
1AI ,i ‘jim No, ~~~~~~~ bath lubrication have been investigated for normal machine

oil and very high viscosity oil. The results show consider-
able variations in acceleration amplitude ,

78- 15 16
7813 1 

~ Reduction of Noise and Vibration in Roller Chain
Isssps.dancc-lIaned Misf iots Prediction , Scaling, and Drivee
Env iro nnsets lal Sins ,ilat ioii fo r Shock A pp lication s S W , Nicol and .J.N, Fawc ’tt
F II. Saffor d Di pt . of Mech . Engrq., Univ . of Newcastle-upon
Agb ihi ii ~~~~~~~~~~~ F I Si ij t im ido , CA , I I’;i’t . NO . Tyne , UK , lnstn . Mech, Engr . Proc ., 101 (39), pp
AA Ft / /10 4500, NOt MR-96/6 , AD- b OO 109 , 163-370 (1977)9 figs , 2 refs
205 ‘p (Di i , 1971)
A f t  ntS5(J 116/91 

~ Kay Words: Chain drives, Noise reduction, Vibration control

Key Wo nil s . I’Jaaa l sh ips , Submarines . Shoc k resistant design , A method of eliminating hig h frequency noise and vibration
Mechanical impedance , Scaling in a constant torque chain dri ve is described. Experimental

resu lts compare noise and vibration levels in standard and
The ability to pie , hir.I anti sirt i ulate acceleration-time histories modified configurations.
at the actual mounting locations of weapon system compon-
cOlt will provmd mi vital knowledg e for protecting and harden-
ing these comnpon rm rl s to meet present and changing mission
n’ , 1t i tmi , mtints of naval ships and submarines , Mechanical
impedance /mobility t i,ct ini nlues , long a to ol of the experi-
menter , have now evolved to practical methods under engi-
neering condition s . This report summarizes curr ent activi-
ties en the measurement of structural dyn amic functions ,
usable melh m ils for predicting response to environmental
thr eats , ,arrrl a new method fo r environment-simulation
testing.
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